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TESTIMONIALS. 



Office of thb 
Pbopbietob of the Locks and Canals on thb Merrimao Rzybb^ 

Lowell, Mass., February 5, 1879. 

James Emebson, Willimansett, Mass. 

Dear Sir : Your work on water wheels and machinery was left here yester* 
by Mr. Swain. 



day^ 



[y father (James B. Francis) is at present in Europe, and probably will not 
return before next August. I take the liberty to thank you for him, and to 
assure you that your book contains a fund of information of the kind we want. 
How to utilize water power to the best advantage is one of the great problems of 
the day, and I am sure you have contributed much information on the subject. 

Very truly yours, 

JAMES FRANCIS, AbhH Engineer. 



North Chelmsfobd, Mass., February 7, 1879. 

James Emebson, Willimansett, Mass. 

Dear Sir : I have examined your book, " Treatise on Tests of Water Wlicels 
and Machinery," and find in it a very large amount of valuable information, in a 
simple form, not obtainable in any other work. I have copies, in full, of all your 
tests, dating back nearlv ten years, prepared at (to me) great expense, and of 
course I have faith in their reliability. (At all events, twenty times their cost 
would not buy them, were no other copy available.) The publication of your 
experience, in so convenient a form, must prove to be of very gpreat benefit to 
manufacturers,turbinc builders, and such of the legal fraternity as have hydraulic 
cases to manage. Every millwright ought certainly to possess, a copy. The 
tables of " Velocities due Head," alone, will save him in time every year several 
times the cost of the book. 

Very truly yours, 

A. M. SWAIN. 



Bond Bros. & Bottum Law Office > 
NoRTHAMPTONi February 7, 1879. 
James Emerson, Holyoke, Mass. 

Dear Sir : I have examined your work on " The Testing of Water Wheels 
and Machinery," wUh matters pertaining to Hydraulics (2d Ed. 1878), and find 
that it contains in a very convenient form a large amount of information which 
every la^vyer must obtain from some source before he can safely advise a cli- 
ent or properly try a case concerning water power or the power of water wheels. 
Accept my thanks for your treatise ; it will De of great use to me in my profes- 
sional work. Yours truly, 

D. W. BOND, JHstHct Attorney. 
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Law Office, 

New Hartford, Conn., February 8, 1879. 
Jambs Embrson: 

Dear Sir : I have examined your book," Treatise on Tests of "Water Wheels, 
&c." and find it to be really multum in parvo. It contains in simple forth much 
information needed by members of the legal profession who are engaged in 
suits involving hydraulics, power, flow of water, and kindred subjects. 

I am very truly yours, 

JABED B. FOSTER. 



I.AW Office of J. P. Bxjckulnd, Counselor in Patent Causes, 

Sprinofield, Mass., February 8, 1879. 
James Emerson : 

Dear Sir : I assure you that my examination of your new work, entitled 
*' Tests of Water Wheels and Machinery," has given me a great deal of pleasure. 
Many a time have I searched for hours to find some of the many data with which 
the book is crowded. 

In the preparation and trial of cases involving questions of water power, mill- 
rights, leases of power and the performance of' machines built under contract, 
and kindred matters which are constantly coming before courts and arbitrators 
for settlement, your work will be a valuable aid to lawyers and parties. I know 
of no single book which has within its covers so many practical data for use in 
the above line of cases, and I am bound to say that I think the legal profession 
is under much obligation to you for the preparation of it. 

Yours truly, 

J. P. BUCKLAND. 



Senate Chamber, Washington, D. C, February 9, 1879. 
James Emerson: 

My Dear Sir: Permit me to thank you for a copy of your book, "Tests 
of Water Wheels and Machinery." I liave read it with as much care as I 
could find time from my official duties here to do, and liave no hesitancy 
in saying that it must prove a very valuable work, as well to lawyers con- 
ducting litigations, as to mill owners seeking to avoid them. 

Thanking you again, I am, truly yours „ ^ _ „^„ 

H. L. DAWES. 



Office of 

American Print Works, Fall Biter, Mass., March 3, 1879. 

James Emerson: 

Dear Sir : Please accept my thanks for the copy of your book " Tests of 
Water Wheels and Machinery, received a di^ or two since. It contains much 
valuable information relating to water power, is arranged in a very concise form 
and will prove a very convenient source of reference." 

Vcfy truly yours, 

Thos. J. Borden, Treaa. Watuppa Reservoir Co- 



BooTT Cotton Mills, Lowell, Mass., March 11, 1879. 
James Emerson: 

Dear Sir : Permit me to thank you for a copy of your " Tests of Water 
Wheels and Machinery'." I have examined the same with great care and must 
say that you have given a fund of information to Manufacturers, Turbine Build- 
ers, Owners of Water Power, and the Legal Profession who have suits involving 
Hydraulics, in a most simple and concise form. There is no subject to-day con- 
nected with manufacturing that there is so much ignorance about as the econom- 
ical use of water power, best wheels, and appurtenances to utilize it. Your 
book cannot fail to have a large sale, as vou have contributed so much informa- 
tion on the subject. Yours truly, A. G. Cumnock, AgenU 



_, , „ Nbw Havsn, Coxn., April 29, 1879. 

Mk. Jamba Eubbson : 

Dear Sir,— Allow me to take this opportunity to thank you for the copy of 
your Treatise relative to the Testing of Water Wheels and Machinery, which 
you Old me the f^vor to send me some time since. I have found it to he a mine 
of valuable ioformatiou, and have often had occasion to consult it. tt certainly 
effectively supplies a i^reat desideratum. The manufacturing interests of this 
country owe yon a debt of gratitude, to speak of nothinic more, for the v:iluable 
work you have done in testing water wheels and machinery. 

Yours truly, 

W. A. NORTON, 

Pro/, of Civil Engineering in Shield Scientijlc School. 

LEBANON, N. H., March 7, 18T0. 

Jaxxs Exebsok : I will do all I can to recommend your book. I think it 
the best book I have seen for a millwright. 

Yours truly, William Duncan, Engineer and Milltoright. 



United States Senate Chamber, Washington, Feb. 1, 1879. 
jAMEa Emerson : 

Dear Sir : Yours of the 30th ult. has just been received, with your book, 
for which I heartily thank you. Of course, I have not yet had time to examine 
it, but will do so and write you about it. I think from a hasty glance I cast over 
it, that its contents will be of value, and I shall preserve it as a memento of one 
of the intelligent patentees «f the country, wno have done so much for its 
interests. Yours truly, 

Bainbridob Wadleioh. 

My correspondence with Mr.Wadlcieh had reference to a change in the Patent 
Law advocated by him, a change wliich to me seems ui^ust to the inventor and 
unlikely to benefit the public. The defects of the present law are mainly due to 
its loose administration. To make a great show of income, patents are daily 
granted for frivolous devices nnworthy of such distinction ; worse still, patents 
are constantly being granted to several different a];)plicants for substantially the 
same device, a practice alike ii^urious to the real inventor and the public. A 
single amendment of the present law, with a return to the conservative practice of 
granting patents followed thirty years since, would do away with the real objections 
to such grants. A large proDortiou of the patents that are granted arc not only 
worthless but they stand in tne way of r^al improvement. Amend the present 
law so that provisional protection shaH be granted for three years upon applica- 
tion as at present, ybr real inventions, anytime previous to the expiration of 
that period, upon the payment of one liundred dollars ; issue a patent for twenty 
years from the date of application ; under no circumstances allow an extension 
of such grant. The provisional terra for the sum of twenty dollars will enable 
the applicant to judge of the validity, value and advisability of its continuance. 
If it 18 deemed advisable to protect the plans of geniuses who saw a barrel in 
halves, thus making two tubs of it ; or point one end of a friction match stick, so 
that it may be used to light a pipe or pk;k the teeth, do so ; but do it for a shorter 
period ana under some designation equivalent to that of " Trade Mark." It dis- 
courages the real inventor and dehases the term. Patent, to put such devices 
upon the same plane as those that have required years of study to perfect. 

Brrata, 



On page 13, thirty •eight cubic feet of water per seoond with 20 feet fall is called 
89.77 h. p. It should be 86.20, 80 per cent, of which is 68.96 h. p., making each 
h. p. per year $4.35 instead of $4.17, as there statcdw 

Rules for calculating interest on last page of indent are unreliable. They were 
published by request, without examination, taken from a MO page engineering 
work filled with formulas. 



Minneapolis Competitive Tnrbine Tests. 

A sliort time iliiee. a wide*pread iuierestwiiB frcnted by Ihe at. 

thai tlic div or MiniwBpalii, Minn., woulil selecl turbines for pumplns w 

Uiiu riiy by compeiiflve trinl at the Holyoke TcHiing Flume. Two wfiec 

of •nffldent wpaelly. working under 30 feel licml, (o inuumil 4*0 horec power, 
luid return an average uiofDr efl^ct of IV per rent, when working at oue-half, 
llvi'-eigbthe, tbree-foaTtba. seven-eleliths Hiil vhole gtte, were required. Four 
tiirUsea were entered,— A M-luch Bw>^, eO-lncli BiiSoo, 44-lnch Victor (aize of 
American not eiven but a ae-tnch would bo required). The trial hHs been iban- 
iloned and it n generally Hnppowd because luch an average ia impoeelble of 

mated. On pifie 77 of tliia work may be found a report of tlie teats of aeven 
American turblnea ; add Ibe perceulaffo logotber and divide by tbe number of 
lest, and the average will bo found tolie .eSa per cent., certainly aa liigb as any 
Average that eta be expected ttom a large wheel of that make. The highest 
average ever obtained from the teat of a Swain torbine ia II per cent Mr. Ria- 

the teat ofaSWnch. made by the Holyake Machine Co., nvo an average of' .607 
per cent. The report of a teat of a 3l)-inc1i Victor may be found on page lOtl 
tlierc ia no half gate teal, bnt by taking the Bret, aecond, fourth, flfth and the 
half gate teat of the 2&-inch reported on the umepage, a fair average may 
Ik found, or .8*8 per cent From these resulls it will be plain that neither of ihc 
conteatanls would have had much chance of fhmishing Minneapolis wilh tur- 
bines. The averages given, however, are really higher than can be obtained in 
practical work fmm wheels that give their highest results ac whole gate. A 
governor or regulator would be useless applied to a wheel working al whole 
gate ; there must be a suitilua lo regulate by, and for emergendca. so that the 
running is really from half to ihree-fonrtha or a*ven.righta gate at the moat, and 
with such a range wtieals that give tM per cent, only at whole gale, will in practi- 
cal use hardly ullliic M per cent, of the power of the water used : and it ia 
btcauaa of this Ikct, that pnrchasers of «« per cent, wheels are so oflen diaap- 
pnintedallhelrresulla. I think (hat Jamea B. Fnuida of Lowell, (eatlfled in 
court not long ^ncB, that he doubled whether the turlrine had been any improvQ- 
menl p^on the breast wheel, so for a« economy of water is concerned. Mr. 

wheel w'ill do more work with tlie same water than can be done with a Boyden 
or any turbine Uke the Hunt, Victor. Houston, Bumham. or others that 
give high whole gate reanlts, hut fiat down at ouce if the gate ia panlally 



in of the reports ia this 1 



■A from 

lltiBb 

Hercnlei tiu- 



n higher average lliwi 16 per cent, hu been obtained from si 
of wUetr-buif Jiot rauhed 1i per cent. U whole Bute, nod 
peculiarity [iiafl h»e so eemeutl}' recommtDded the plioi < 
biDe, vhidi buve produced the biBhaat avenges from half uc eveu uiie-ui. 
whole eUe otuty ret tried, the highest usefti] effect oltea being obtsined at 
ihiee-lSurthi to leTeo-eigbti gate, where the wheel la moat likely to work. 
Id an earlier issue of thli »lition, the diuram upon the opposite pagi 



The lineB representing the efficiencv of the Bovden, Hunt, Honston, Leffel, 
Swain and American, show a fair average of what a purchaser would be likel}- 
to get MJdns an untested wheel of either mike. An average Victor, I think, 
would be something less than the line denotes, though, like the others, both 

jUI of the higheM results obtained from testa of turbines reported by me have 

and CrT"prDcess. The itisdon is in no way exceptional. The lS7e or Centen- 
nial wlieel, 3a-incb, was of that idnd, while those tested November. 187t, and 
June. 13T0, were of the ordlnarj^ kind furnished to purchasers. 

of that make; lower results have been obtained, for many of them have 
been tested: but the builders do not ask or eipect purchasers to accept of 
wheals of low efficiency. On the contrary, on pa«e flS of this work, they pfidnli 
advise the test of a wheel before acceptance. With the best of these wheels 

possible with turbines only good at whole gate, breast or o¥erehot wheels. 
Purchasers, boweTer, should uirariably insist upon havinB its gate fitted with 
Bauges between iu ebnles, for upon those its part gale efficiency depends. 



Holyoke Testingr Flume 



Has recently been enlarged and put in the best possible condition by the 
Water Power Company, and is now by far the most perfect flume ol the kind 
ever constructed ; it is made of split granite, 16 feet in width, 30 in depth, and 
100 from weir to head gate ; 35 feet of the upper eud being used for the flume in 
which turbines are sec to be tested; the pit is 7 feet in depth, standing water. 
The weir is 66 feet from center of turbine, and the width anywhere withm 12 ft;et 
of the weir is something over 18 feet. The head can be changed from one to 
eighteen feet, or the wcir can be raised so that eight feet of backwater can be 
placed upon the wheel. . The improvements have been made by the Company 
preparatory to making a variety of necessary experiments. I expect to continue 
the testing business as heretofore, upon the following conditions : 

TESTS OF TUBBIMB WATEB WHEELS. TEBMS AND DIRECTIONS. 

Charge for testing wheels will invariably be ten per cent, on their List Price. 
No wheel, however, will be tested for less than $25, whatever its price. 

Part-gate tests will be taken when the speed of the wheel is the same as when 
the best power at whole-gate is ootained; and will be designated by the actual 
qu-intity of water used, as three-fourihs water for three-fourths gate, etc* 

Each party muse furnish with their wheel* a platform four and a half fret 
square, in which the wheel must be fitted soas to make a water-ti^ht j<ant;ifiir 
large wheels the platform should be twelve inches larger than the flange of 
wheel;) made of two-inch plauk, crossed at right angles, and screwed together; 
making it four inches in thickness. 

When the wheel is placed in the platform, measure from the top of the plat- 
form to the top of the ^haft, which distance must be exactly 4 feet, 3 inches, for 
wheels 25 inches or less in diameter. Four inches of the upper end of shaft 
must be exactly 2 inches in diameter, fitted for key-seat K iueh wide, 3-16 deep. 

For. wheels more than 25 inches in diameter, h<'ight from top of platform to 
top of shaft must be exactly 5 feet, 6 inches. Six inches of the upper end of the 
'shaft should be exactly 3 inches in diameter, and fitted for a key three-quarters 
of an inch in width, 5-16 deep. 

For wheels more than 42 inches in diameter, height from top of platform to 
top of shaft must be 7 feet. Six inches of the upper end of &haft must be exactly 
4 inches in diameter, with kev-seat 3-8 of an incli in depth and one inch in width. 

The shaft m ly be of usual length, with coupling, and a piece of shafting fitted 
in upper half of coupling to make the length ri^ht according to size of wheel, 
as required above, but a whole shaft or rigid coupling is best. 

The top of the stud for opening the gate must be round. It should proj«>ct 
three inches above its bearing, and should be one and one-half inches in diame- 
ter, and have a hole drilled for puint of set screw one and one-fourth inches from 
top of stud. 

Each party should be represented bv some responsible person to superintend 
the setting and witness the testing of their wheels. 

Wheels will be tested in the order in which they are entered, if they arrive in 
time, and will be handled carefully; but such as have no safe and convenient 

f>lace to hitch to will be handled at the owner's risk. Expenses caused by neg- 
ect to follow directions will be added to price. 

I shall continue io test Water Wheels, Steam, Hot- Air Engines, etc. ; also the 
power required to drive mills and machinery, as heietofore, in any part of the 
country. 

TERMS.— Fifteen dollars per day and expenses. 

Tho«e desiring to have their wheels tabled can have it done from three to forty 
feet, for $3 per whoel ; at the same rate to any greater head. 

I will irladly aid purcb isers in procuring good turbines, but <'an only do so by 
testin*; the wheel to be used. When the selection is made the business is left 
with the purchaser, for I have no auth -rity to act as agent for any builder; but 
all renutable builders will furnish tested wheels at list price, and those who offer 
to sell at a discount, if the wheel is taken without being tested, do so because 
they know their wheels are likely to fall much below their tabled rate if tested. 
Any builder will avoid the risk and expense of a test if he can. 

Wheels sont to be tested should be directed to Holtoks Testing Flume, 
Holvoke, Mass., via the Conn. River B. B., (as that road has better facilities for 
hauclling: turbines.) P. O. Address and Bcsidence, Willimansett, Mass., which 
is merely across the river from Holyoke. 

Jakes Exebsok. 
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Some ten years eince, through the iDvention of an instrument for weighing 
the power required to drive machinery,! became interested in the testing of tur- 
bine water wheels, f^eviously such tests had only been possible for the wealthy. 
The apparatus used for the purpose, though expensive, was crude, clumsy and 
unreliable, while the formulas for computiog water used were tedious for the ini- 
tiated and impossible of application by the multitude, consequently few of those 
using wheels were able to demonstrate the absurdity of the fabulous claims made 
by the most; of the turbine build ^^rs, and for years confusion had reigned, alike 
injurious to the manufacturer and honest builder. Years of experience that will 
be mentioned in the last part of this work made me fully aware of the task it would 
be to bring order out of such confusion; still the attempt was made, and has since 
been continued without a thought of abandonment. Those who have only wit- 
nessed the test of turbines at the Holyoke flume have little idea of the operation 
as conducted by engineers of the past; barrels of oil and a small army of assist- 
ants were required, so that the cost run up into tlie thousands. The average cost 
per wheel in 1869 was $2,500. The superintendeot of the Niles Iron Works of Cin- 
cinnati, O., came to me at Lowell, in order to make arrangements for the test of a 
Kindlebcrger wheel; he offered $600, but under the then existing conditions it 
could not be done. Weeks and even months were consumed in the test of a single 
wheel. The experience that year convinced me that such expenditures of time 
and money were entirely unnecessary, and plans were soon completed for demon- 
strating that fact. Many ideas then prevalent had to be considered. In the first 
place, a testing flume with suitable apparatus was an expensive affair, while my 
means were very limited; then again it was supposed by all, that wheels of the 
same make were all of the same proportional efficiency, so that each builder 
would only need to have one wheel tested, consequently the patronage would 
be very irregular, while the expense would be constant, as experienced help 
would be required, and such help could only be retained by constant emplojrment, 
or at least constant pay ; the latter difficulty was surmounted by doing all of the 
most difficult and hardest work myself, simply employing a laborer for each test, 
while my daughter timed; kept the records of gauges during the trials, gave me 
the power every two minutes, in order to enable me to change the weight cor. 
rectly, then made the computations and copied the results. This continued for 
a year or more; then Miss Charla A. Adams, ** Charla" succeeded my daughter, 
and such success as I have had in aiding the improvement of turbines, by ena- 
bling builders of small means to ascertain the exact value of their numerous 
plans, and establishing the testing system, is due in a great measure to her un- 
wearied patience, care and attention. She has had the entire mathematical part 
of the work to do, not only of the tests, but that necessary for the preparation 
of a large portion of the tables published in this work ; she h is kept records of all 
tests, and prepared numerous copies of the same for public institutions and for 



8 

turbine builders; in all» she has proved her fitness for the purpose, and not only 
her fitness, but woman's adaptability for such work. The practice of testing tur- 
bines has caused many changes and exploded many theories ; of course this has 
not been done without destroying the hopes of many builders, at the same time 
it has been the means of bringing the best wheels prominently before the public. 
The tests have at all times been open to the public; builders hare been desired 
to bring engineers to assist, and such have ever been welcome. It is a difficult 
matter to make purchasers realize that wheels made from the same patterns 
vary exceedingly in efficiency, yet there are few manufacturers ignorant of the 
fact that a wheel of any make doing well in a mill gives no assurance that 
another of the same make will give equal satisfaction. Ninety per cent, wheels 
are much sought for, but there are plenty of 80 per cent, wheels that will do far 
better than many that have g^ven higher results. Ninety per cent, is only 
obtained under the most favorable conditions, and such can not be continued 
long in practical use. 

Illustrations published in the first edition of this work have been found very 
convenient for reference in law and other cases, consequently a greater variety 
has been published in this edition. 

That I know but little about the exact lines necessary for the production of a 
good turbine is not, perhaps, a legitimate excuse for the absence in this work of 
directions for turbine building, because the most minute formulas to be found 
upon the sabject have undoubtedly been published by those who knew still less 
about it than myself, but such formulas seem to have hindered rather than to 
have aided turbine improvements, for it is very cert^u that the best turbine 
builders have given little heed to such formulas, hence I have not attempted to 
do what I could not do well. 

Some of my Annual Reports were electrotyped, and various items from those 
have been used in this work, and where such reports of tests have been used, 
the numerous changes of weights are given in full ; while in others only the best 
test at whole gate is given ; and it may be well here to state that there is a cer- 
tain speed at which any turbine does its best, and to find that point it is neces- 
sary to try many changes of weights. Wheels made from the same patterns 
seldom do their best at the same speed, and this variation is the cause of consid- 
erable loss of power through incorrect gearing for speed. 

It is also necessary to state that there is always a leakage into the measur- 
ing pit during a test, which is to be deducted from the quantity flowing over the 
weir; this leakage may not be given in some of the reports, but if the depth on 
the weir is given, the difference between the quantity as found per tables for that 
depth, and the cubic feet given in the report of test will give the leakage, that 
is, if the length of weir is given. The omissions are owing to the use of only a 

part of the electrotyped reports. 

Jambs Embbson. 
WlLLiMANSBTT, Mass., October 1, 1878. 



Holyoke and Its Water Power. 



Some eighty miles from the mouth of the beautiful Connecti- 
cut, almost in the shadow of -Mounts Tom and Holyoke, there 
is a fall of nearly sixty feet in a short distance that once formed 
what was called the ** Great Hapids," near which, from time imme- 
morial, the aborigines of the country gathered in great numbers in 
quest of fish and game; and until within a few years *' Indian 
fireplaces " have dotted the banks that are now covered with mills ; 
indeed, Indian skeletons, implements and arrow heads are often 
found in the vicinity at this time. Near the foot of the falls the 
river makes a sharp turn to the right, and in this curve is situated 
the city of Holyoke. In 1831 this place was a part of West Spring- 
field, known as "Ireland Depot," with but few inhabitants, and 
those of but little account. In that year the Hadley Falls Co. was 
formed, and a small cotton mill of 4000 spindles, (known until 
recently as Hampden, Jr.,) was erected, receiving its power through 
a canal, and wing dam running obliquely up the river, which at this 
point is wide, with rock bottom. A power so immense and conven- 
ient to the business centers of the country was not likely to escape 
the notice of capitalists. The volume of water flowing in the river 
in ordinary seasons, was found to be about 6000 cubic feet per sec- 
ond, or for the fall about 30,000 h. p. ; but allowing one-third dimi- 
nution for the driest seasons the available minimum was rated at 
20.000 h. p. In 1845, it was decided to construct a dam across the 
river, and one with a base of 60 and a height of 30 feet was 
completed Nov. 19, 1847, but before filling to the top it rolled over 
and went down stream; this was a severe loss, but the experience 
was valuable. The dam now standing was completed Oct. 22, 
1849; it had a base of 80 and a height of 30 feet, the upstream 
incline having a face of 90 feet besides gravel filling at base. 
The dam is constructed of timber 12 inches square, crossed and 
bolted, the openings filled with stone. As the bed of the river 
is rock it was not supposed that the overflow would wear to any 
perceptible extent, but in 1868 it was found that cavities from 
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8 to 25 feet in depth had been cut close up to the dam, and in the 
years 1868, *69 and 70 the Holyoke Water Power Co. made expen- 
ditures amounting to $400,000 — in the construction of an apron 
of heavy timber work filled with stone — to fill the space caused by 
the action of the water This apron is united to the dam in the 
strongest manner possible, is 60 feet in width and 62 in height, 
its base resting 22 feet below that of the dam. Starting from the 
crest, which is plated with iron, the apron slopes down stream nearly 
to the water below. The whole structure is now 130 feet wide, 30 
feet high from bed of river and 1019 feet in length between abut- 
ments, and permanent beyond chance for doubt. The present Water 
Power Co., G. M. Bartholomew, President, W. A. Chase, Agent and 
Treasurer, was established some time after the failure of the Had- 
ley Falls Co. in 1857, the change infusing new life and energy into 
the multitudinous improvements then contemplated, and since con- 
tinued with such magical results. In 1861 the valuation of Holyoke 
was $2,270,439 ; population, 8,500; at the present time the valua- 
tion is nearly $10,000,000, while the population is about 19,000. 
The system of canals is laid out on a scale commensurate with the 
vast volume of water to be distributed. There are three levels of 
canals, with a total fall of 56 feet. The main artery of the system, 
starting with a width of 140, and a water depth of 22 feet, 
extends eastward past the great waste weir about a thousand feet 
and then sweeps southward in a right line for a distance of more 
than a mile. The second level canal extends northerly for a mile 
and more parallel with the first, and 400 feet easterly from 
it, and thence easterly and southerly for a mile and a quarter 
more, at a distance of about 400 feet from the river, this marginal 
portion of the second level affording mill-sites along its whole 
length, from which the water used passes directly into the river. 
The third level canal, 100 feet wide and 10 feet deep, is also a mar- 
ginal canal, with mill-sites along its entire length, and extends 
3,550 to the other terminus of the same canal, thus making with 
the latter, a line of marginal canals, around and near the whole 
water front of the city. The cost of unfailing water-power, at this 
point, compared with steam-power is well shown in the following 
article : 

"Like other commodities which are bought and sold, water-power 
here has its own unit of measurement, called a mill-power, which 
is thus defined in the deeds of the Holyoke Water Power Com- 
pany :— 
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*Each miU-powBr at the respective falls is declared to be the 
right, during sixteen hours in a day, to draw from the nearest canal 
or water course of the grantors, and through the land to be granted, 
38 cubic feet of water per second at the upper fall, when the head 
there is 20 feet, or a quantity inversely proportionate to the height 
at the other falls.' J?Z 7.*^ 

Thirty-eight cubic feet per second VVUkp 20 feet head is 90 .77 
horse-power, 80 per cent, of which is ? I.*8i horse-power that may 
easily be realized by the use of good wheels. When a site for mill 
or shop is taken, the requisite power is conveyed to the occupant 
by an indenture of perpetual lease, the form of which is never 
varied. The last purchaser takes the same rights in kind as those 
who have preceded him or those who will come after, until the 
sales shall have reached that safe limit of available power, which 
has been resolved upon. Having entered into such an indenture, 
the mill-owner, relieved of all anxiety or expense of maintaining 
the dam and canals, confident of the permanence and safety of the 
great hydraulic system, and secure in the guarantees of the corpor- 
ation which controls it, pays his semi-annual rental, finds the 
canals always full at his head-gate, and makes his plans and con- 
tracts with the assurance that his due allowance of motive power 
will be always forthcoming — a power which is furnished at a rate so 
cheap as to be almost nominal, when compared with the prevailing 
rates of rental in other parts of the country, or with the cost of 
. water-power derived from streams of the average size. The annual 
rental per mill-power is 260 ounces of silver of the standard fine- 
ness of the coinage of 1859, which is in practiQA-paid in current 
funds, and amounts to about $300 a year, or $4.i^ per horse-power, 
an expense so small as to be hardly an appreciable item in the cost 
of any manufacture. The prices charged for water-power vary so 
widely in different sections of the country, and the comparative 
value of such power depends so much on locality, accessibility and 
other natural conditions, that no stated comparison is here attempted 
between the annual rental above given and the ruling rates else- 
where ; but if the reader takes the trouble to institute such a com- 
parison, it will not only be found that the cost of water-power here 
is far less than the average rental throughout the country, whether 
paid as water-rent or in the form of interest and maintenance, but 
Also that to-day, all things considered, Holyoke affords the cheapest 
xnanufacturing power in the world. 
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Such is the cheapness of power at this point compared with 
water-power elsewhere, that it is needless to speak at length of the 
relative cost of steam-power, which is, of course, higher, even in 
the localities most favorable for its use. Assuming, however, that 
steam is generated economically, and used in that very efficient 
form of steam-engine, known as the Cornish condensing engine, it 
will require the consumption of 2.38 pounds of coal per hour for 
each horse-power obtained, and if the price of coal is taken at $6 per 
gross ton, the annual cost per horse-power will be $31.82, for 16 
hours* use per day, against l|4.17, the cost of the same power here, 
or nearly 7)^ times as much, exclusive of expense of attend- 
ance, etc. 

But not one in a hundted of those using steam-power obtain such 
economical results as are assumed above, or even approximate 
to them. 

The report of the Chief Engineer of the Philadelphia Water 
Works, for 1875, gives data showing that the cost of raising water 
to their reservoirs by steam-power, coal being $5.12 per ton, 
exceeded the cost by water-power, on the average, six-fold, and it 
can be safely asserted, on good authority, that the average cost of 
\ steam-power for manufacturing purposes in the United States, is at 
1 least 7 times the cost of water-power here, making an aggregate 
I saving in favor of the present mill-owners of Holyoke of $200,000 
a year." 

The constructions for creating and maintaining the water-power 
here are safe and permanent beyond all hazard of failure; the 
power obtained is steady and unfailing for every day and season of 
the year. 

The long lines of canals are always full to the prescribed gauge* 
mark, a constant quantity in time oi winter floods and summer 
droughts, making a pleasant and profitable contrast in the experi- 
ence of the manufacturers who have removed hither from water- 
powers which fluctuate between abundance and scarcity. 

The railroad facilities of Holyoke are first-class, there being com- 
peting routes to New York, Boston and other important points. 

The manufacturing establishments now located here, daily pro- 
duce about 60 tons of paper of all kinds, over 6,000 dozens of 
thread, and 16,000 pounds of cotton fabrics, besides large amounts 
of woolen and silk goods. There are also manufactories of machin- 
ery of all kinds, screws, cutlery, rubber, wire, etc., etc. 
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The rates of the principal Water Power companies of the country 
are here given for the convenience of those interested in such mat- 
ters. It will be seen that a "Mill-Power" is a verv indefinite 
matter, and it vaaj be well here to give its origin, which is as fol- 
lows : Early in the present century, there was a mill at Waltham, 
Mass., containing 3,584 spindles; the company owning that mill 
colonized Lowell, and the supposed power required at the Waltham 
mill, was that fixed upon as a "Mill Power" at Lowell, which is 
here given : 

LowBLL, Mass. 

Each inill*power or privilege nt the respective falls is declared to be the right 
to draw from the nearest canal or water course of the said proprietors so much 
water as, during 15 hours in every day of 24 hourl, shall give a power equal to 
25 cubic feet per second at the great fall, when the fall there is 30 feet, or enough 
to give the same power at any of the other falls. The whole owned by the Com- 
panies, none to let or sell. 

Office of Essex Compamt, Lawrence, Mass., June 16, 1877. 

James Ekerson : Dear Sir :->Your letter of this date is at hand. A " Mill 
Power " at Lawrence is defined to be the '* right to draw so much water as shall 
eive a power equal to 30 cubic feet of water per second, when ihe head is 25 feet," 
lor not more than 16 hours in each day of 24 hours. For this the charge is an 
annual rent of $1200. and this is at the same rate for small as well as large wuter 
takers. This is 85 gross h. p. for $1200=$14.12 per h. p. of water. It might be 
a fair general statement to say a horse power by steam would cost 50 or $60 a 
year more than a horse power by water ; but this would be modified by circum- 
stances. Yours truly, 

HiRAX F. Mills, Engineer. 

IT. S. BXTNTIHG COXPANT, LOWKLL, MASS., Aug. 1, 1877. 

Mr. Jakes Emerson : Dear Sib .'—Replying to your favor of June 16th last 
to D. W. C. Farrington, I have to say with regard to the subject upon which 
you made inquiries of him, that it is the custom of the Wamesit Power Com- 
pany of Lowell to let floor room to their tenants at a stipulated sum, depending 
upon location, &c., &c. ; and then the power is hired at $75 per year, per horse 
power extra. When any question is raised on either side as to the power actu- 
ally used, we apply a Dynamometer of your make, and measure it as near as 



possible. 



Walter H. McDaniels, Supt. 



Office of American Print Works, 
Fall Bivbr, Mass., June 18, 1877. 

Jakes Ekerson : Dear Sir :— Your favor of the 16th iost. is at hand. In 
reply would say, that the water-power in Fall River is not let, but the stock in the 
Watnppa Reservoir Co., which controls the water-power, is held by the several 
Corporations using the power in proportion to the height of their respective fall?, 
and no charge is made for use ; but the expense of maintaininsr the Reservoir 
Company is borne by assessments upon the several Corporations, from time to 
time, pro rata, according to heif^ht of fall of each. There is but a single outlet 
firom the Reservoir. The total fsill from Reservoir to tide water is 128 feet; and 
the mills are located one below another, so that they each get precisely the samo 
quantity of water, as each mill takes just what the one above it delivers. The 
quantity is about 122 cubic feet per second. . I am just now unable to give an 
answer that would be satisfiMtory to myself as to the comparative cost of water 
and steam-power. 

Yours truly, 

Thos. J. Borden, Treas., 

Watuppa Reservoir Co» 
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Office Minneapolis Mill Co., 
Minneapolis, Minn., July 5, 1877. 

Jambs Emerson : Deab Sir :— With reference to rentinsr power, I would say 
that rentals are made at so much for Mill Power, which is demgnated as 30 cubic 
feet of water per second, with head of 22 ftet. Present price for Mill Power 
$1000 per yeur, but from this back to earlier dates rates decrease considerably. 

Yours truly, 

H. H. Douglass, Eng. and Agt. M. M. Co. 



Bellows Falls, Vt,, June 28, 1877. 

James Emerson: Dear Sir :~1 ours of the 22d is just received; a Mill 
"Power, in our lea?e, is the right to draw equal to 30 cubic feet per second, under 
2.5 feet head- Price for a Mill Power is 387 ounces Troy Weiirht of silver, of the 
present standard business of the silver coin of the United States, as an equiva- 
lent in gold, which is 450 dollars. 

Yours truly, 

Robertson, Moorb & Co. 



' Manchester, N. H., June 29, 1877. 

James Emerson: Dear Sir .'—The rule for a Mill Power here is as follows : 
Divide 725 by the number of feet fall minus 1, and the quotient will be the num- 
ber of cubic feet per second for a Mill Power on that fall. For instance : The 
fall at the upper level is 20 feet; then 725 divided by 19=38.1, which is number 
of cubic feet per second for that fall. The Mill Powers are let to manufacturing 
concerns at an annual rent of $300 each. This includes the land necessary to use 
the power on, together with some room for tenement blocks, but no buildings or 
machinery. 

Yours truly, 

Joseph B. Sawter, C. E. 

The Oswego Canal Company, Oswego, N. T. 

The Lessees at their joint option may be allowed for each run of classified 
water, either; Ist.-rOne thousand cubic feet per minute; or 2d —So much as 
will be drawn throu<>h a central discharge water- wLeel of the kind now used on 
the (anal, with a spout, the croi^s section of which shall be 18SX square iuches 
at the smallest point, provided the outlet does not exceed in diamtter one- 
ha'f the diameter of the wheel, nor in deir openinsr a surface, SX times the sec- 
tion of the spout; or 3ii.— So much as will be drawn through a Reynolds wheel 
with a spout, the cross section of which measures 166^ square inches at the 
smallest point, provided the total outlet does not exceed the section of the spout 
more thau 50 per cent., and the superficial center of the outlet is not over 2-3 the 
radius of the wheel from the center thereof. The second and third alternatives 
are estimated to give the same quantity of water, and equal to about 1175 cubic 
feet per minute, when the clear head on the wheel is 16 feet. 



Datton, Ohio, July 12, 1877. 

Jambs Emerson : Dear Sir :— Water-power is supplied to the mills on the 
three levels or falls through metallic ffaugta; calculated and adapted to pass 
under a certain head so many cubic feet per minute. For example, in the Day- 
ton ilydriulic Company we give a head of 15 inches above the center of the 
f:auffe, Hucl with that head give 233X cubic feet per minute for one power. The 
Jompany below us, under 1 bclii've the same head, over a 10)^ feet overshot, give 
300 cubic feet per minute for one power The price per power (or **runof 
stone," as it was ori^uitlly called,) is, I believe, uniformly here $200 per year. 
You wish, aNo he ri'laiivo cost between steam and water-power. Water-power at 
$2dJ per year for one run of 5i^ horse-power, would cost eleven sixty-eiglit one 
hundredths d liars per day for 10:) h'>rse power. Steam, with the latest improved 
steam.enginis as tested by experts, will give one horse power with 3 lbs. coal 
per hour ; coal at #3 per ton would be ten eii/hty one hundredths dollars for 100 
Jiorse power per day of 24 hours. An engine of this kind, with boilers, would 
cost about $'iOOO. Water-wheel, with the same power, " under an ordinary fall 
12 or 13 feet," with penstock and flume would cost about $2000. The foundation 
for steam-engine would cost about the same as it would to dig a wheel pit. With 
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an ordiiuuy slide yalre engine, such as we use, costs about $27 per day ** 24 
hours " for 100 horse power. If I can give yoa fUrther information, will cheer- 
fully do so. 

Very respectAilly, 

John G. Lows, Sec'y & Sup't D. H. Co* 



OUSATOHTO Watbb Compajst, 
BiKMiNOHAM, Conn., July 16, 1877. 

Jambs Emebson : Disab Sib .'—Tours of the 14th is at hand. Our terms for 
the rent of water, per year, are $250 per sqnure foot, 12 hoars per day,— one 
square foot being a discharge of five cubic feet per second. We use the weir 
measurement adopting J. B. Francis' formula for the computations. What we 
desi^ate as a square foot of water under our head is equivaJent to 12.5 horse- 
power, in short $20 per horse-power per year is about the cost of water here. 
With reference to lot and building •, the Company offer inducements in propor- 
tion to the desirability of the business to be located. 

IlespectfUlly yours, 

D. S. Bbinbmadb, Secretary. 



WiNDSOB Locks, Conn. 

Usual head 24 to 28 feet. Water rented so much per inch, yearly, price raiy- 
in^ with date of lease ; extra water now charged at the rate of from two to two 
and a half dollars per inch; quantity determined by apertures through iron 
plate ; apertures, parallelograms with parellel interior edges, center of aperture 
to be 2yi feet below the somce. 



Unionyillb, Conn. 

Water rented as follows : The one hiring to be entitled to such quantity as can 
be drawn through an opening one foot square, the center of the opening to be 
under two feet head ; I think the power is now owned by the seyertu compauiiesy 
and that there Is none to rent. 



COHOES, N. T., July 14, 1877. 

James Emebson: Dbab Sib:— Your faror of lOth inst. to hand. I under- 
stand the charges of the Cohoes Company to be $200.00 per Mill Power per year, 
or $20.00 per horse power which includes use of water and rent of land. Qlie 
leases define the term '* Mill Power,** as ** a Water-Power equivalent to the 
power given bv the discharge and use of six cubic feet of water in each second* 
when the fall is 20 feet** 

Tours truly, 

Wm. T. Hobbobin. 



Office of the Dundee Watbb-Power & Land Co.| 
87 Leonard Street, New Yobk, July 12, 1877. 

Jambs Emebson: Deab Sib:— Your letter of 10th inst., received. The 
Company leases its Mill Sites with one or more " Mill Powers." charfring $700 
per vfiar for each Mill Power. This price includes the rental ot Mill Site. By 
one Mill Power is conveyed the risrht to draw from the nearest race*way or canal 
8X cubic feet of WAter per second, fall of 22 feet. ^ 

Bespectftilly, &c., 

H. Waleeb, Secretary. 

TuBNBB*s Falls, Mass. 

Bent per year for each h. p. of water used $7.50 or about $10 for each h. p« 
that may be utilized by the use of good water wheels. 
2 



Water Measurements. 

Tliel.iek of apraclical knowldgc nf hjdmulip? * gtnetrvlioa lineo caoaed * 
lioaenesi in ccinim.tB penalui g lomilliug matters lb" has b en pruJudlvB 
of a.i imuKSse amuunt aC i,i»tious hiiJ cxpi^iiicv litigarion. It 1> only 
neceMiiry to glance at the mclliods aduplrd by tlie various Water Power 
CotQptmeB of iTie qoudtry for determining Ihe quantity of water leas d. as put 
lisheS on preceding pages, la learo iliat tliere has been no Kencralljr recogniied 
aiandard fo. euch measuremeBts oven amonK tho« cUjmmg « be^ engineers and 

defloitethaolhoO.wegoplan. O"'?""™""'"' 'f'^.'^'*"*"i.^'^''^J™jJJ^y''" 
sn'apennreof apyilMundera giign h-ad. The difference ii only nndoratooij 
now br ■ xery few. There are turbiue builders who suppose thai Ihe^r wheels 
disebarm Iha full qnantily Iheor lically due Iheir openiuBS, while those calling 
thems .fves engineera g.'oei-ally believe the di.charge of »« ,h whe^-la to Invaria. 
blybeabout6ifpei-eenl.duettieiropenin.!.,wheniiiIacllhedi8charKe of turbine. 
Tarie. all the way from 35 to 100 per eenl,, and in «i>ee al cases perhapa .till more. 
Tl.ediKharl!etbrouEhaoapertureinthesideofapeMbKk^miJ^bem^«W^*ff^^ 

fdm> arriBhtanTo»'w»rtho7l^^ofThrp?aSliVi'n8idB tbe pen. Cock', le«ring 

perfect abarp cornora pceHDlad to the w»tef as it Imob., (see Fig. 1,) will aim. 

FIGl FIG2 



cluTfl:fl about ^^3i cubic f^et per Kcond ; but with a proper Aar« of the apcrtnra 
(ai In Fig. 3.) the discbarge will be about iOK cubic leit per Kcoud. and the 
■ imo relative perc ntaga for other head.. An ejamidaiiDU of iho prohleiUB 
demon.Crated fii Eran.'^" Work on Milling, Hydraulics. &c.," publl.hed u late 
wl§48, will *br.w tliat Ibia inipanarK dig-erenee was not taken [utD cousideratloD 
in preparliw a work that wa. to be offered to the public as a Knidelnauch mat* 



The doctrine of 



tlio of the ^cdoK of round aperture., Is as lUeir dlameten nearly; 
jantlty expended is as the square, of their diameter, 
riciiou of^an apcrtui-e of any reEular or irregular figure la *« the 
lasumof the circumscribing line., nearly; the quantities being as the 
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8. The less the head or pressure, and the larger the apertnre, the less the ratio 
of the friction; therefore, 

4. This friction need not be much reg^ainled, in the large openings or apertures 
of undershot mills, where the gates are from 2 to 15 inches in their shortest sides ; 
but it very sensibly affects the small apertures of high overshot or undershot 
mills, with ^reat heads, where their shortest sides are from live-tenths of an 
iuch to two mches.* 



•* Horse Power." 



Is one of the most common terms in use amonest manufacturers and engineers, 
and me.ms sufficient force to raise 33,000 pounds one foot per minute. A large 
proportion of hydraulic computations have to bu reduced to this term to render 
them generally intelligible ; such being the case it would seem more practical, 
simple a d sensible to oase leases of water power upon the discharge of a given 
number of cubic feet per minute, and the same of kindred calculations. Compu- 
tations of such matters per second necessitate the use of numerous decimals, and 
these have such a fascinating effect upon the average engineer, that the close 
observer is led to believe th.it more skill and care is often displayed in elaborat- 
ing the decimals than in gaining the data to work from. 



Percentage of Discharge. 



The discharge of a turbine in proportion to its openings depends upon its con- 
struction. With those of a central discharge it is the least ; with such wheels of 
fair efficiency it is likely to range between 40 and 50 per cfint., with outward dis- 
charge. 60 per cent, and upwaids, wiiile with those dischar^'ing the water down- 
wai'ds it averages about 55 per cent. The chutes of a curb are made much 
larger at their outer than their inner ends, consequently, can pass much more 
water than the wheel will discharge, though the openings of the wheel may be 
somewhat the largest, so that the openings of the wheel govern the dischar^re. 
In the past, engineers have expended more time inventing impo sibilities and 
hair splitting theories than in determining by simple tests points in dispute easy 
of solution. It is hardly possible that a case can ever arise in milling matters 
that a really intelligent engineer cannot readily solve the difficulty, and make it 
so sim[>le and plain as to give no excuse for litigation, and what is mbre to the 
point, in many cases both parties can be 'benefited at a tithe of the expense 
caused by a suit at law. If there is a difference of opinion about power used, 
the matter may readily be determined, as may be the case if the dispute is about 
the quantity of water used ; and the power of steam is as readily determined as 
that of falling water. A few plans tried by myself are here given : 

"DISPUTS ABOUT BFFICIBNCT OF TURBINE." 

Thomas Harris, of Providence, R. I. expended something like $9,800 experi- 
menting with four Leffel wheels in a mill at Putnam, Ct., head of 28 feet. A 40- 
inch wheel was tri jd first, then a deeper wheel, same size, then a 48-inch wheel, 
then a second 48- inch of extra depth ; the speed of looms could not be got above 
12d picks per minute. I was called in to test the power and select a suitable 
wheel. By stopping eleven spinning frames the rest of the machinery was 
brought up to speed. The wheel was then tested and found to ^ive 186 h. p. 
Allowing 17 h p. for the eleven spinning frames, and 20 additional lor cold morn- 
ings and backwater. I selected a wheel of 220 h. p. Since that wheel was 
placed in the mill, the production has been incrcasi d 1000 yards per day. 40-inch 
sheeting, whili; the disch irge of water has been one-fifth less than required for 
the Leffel wlieel. The expense of changing, my charge included, was $1,500. 

•Thfs seems to be proved by Smeaton, In his experiments ; (see table, Art. 67 ;) where, whrn the 
head wns 33 inches, the slalce small, dra^m only to the fln«t hole, the velocity was only such as is 
assigned by theory to a head of 15.8S Inches, which he calls virtual head. Hut when the sluice was 
larger, drawn to the sixth hole and head 6 inches, the virtual head was 5.33 inches. But seeing 
there Is no theorem yet discovered by which we can truly determine the quantity or effect of the 
friction according to the size of the ai)erture and height of the head, we cannot, therefore, by the 
established laws of hydrostatics, determine exactly the velocity or quantity expended through any 
■mall a|^rtare ; which renders the theory in these cases but little better than coi^ecture. 
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DISPUTE ABOUT THB QUANTITY OF WATER USED. 

In a case at Jordan, N. Y., there was a dispute aboat the discbarge of a 
wbtjel. The lease grtinted the right to uso what water could be drawn through 
an op«'ning 10x17 inches into a scroll wheel. Thti discharge of th i whi-il was 
m"asur«d over a w< ir; the builder objected on the cxcus - that he know nothing 
about such matters; to get over that difficulty a mark was made to indicate the 
depth from the discharge of the wheel; then its gate was closed and an opening 
10x17 inches cut in the bottom of the penstock near the wheel; the water was 
then let in and the discharge through the opening compared, and was found to 
be considera'Je less t*ian that of wheel. Of course there was no chance to dis- 
pute that point. 

DI8PX7TB ABOUT WORK DONE. 

In a recent case at North Sunderland, Mass., that had been in dispute four 
rears, and quite a sum had been expended in litigation, my services were 
required in court, where the expert testimony was so scientific that it was beyond 
my comprehension. A proposal was made and adopted, that the court adjourn 
to meet at the mill, whi-re the case could be settled so that all could understand. 
The case was as follows : A turbine had been put into the mill, under the agree- 
ment that with 15 inches of water, under 62 feet head, it should grind 35 bushels of 
corn per hour. Arriving at the mill, a weir was constructed beiow the wheel, the 
gate was then raised until 15 inches or 394.6 cubic leet of water per minute flowed 
over the weir ; with that quantity the wheel ground 61 and a fraction bushels per 
hour. The suit endid there, and the owner seemed pleased that he owned a 
more valuable power than he had thought. ■ Other tests were made, from which 
it appeared that 2 07 bushels were trround per each horse-power utilized. The 
buhr was five feet in diameter, and kepi down to 145 revolution*- per minute. 

DISPUTE AS TO WHICH USED THE MOST WATER. 

To settle a case at Auburn, N. Y., where a fine power is owned by L. "W. Nye 
and the Auburn Mf'g Co., weirs were put in above their mills, the wheel gates 
opened in full, then a thousand cubic feet per minute was allowed to flow into 
each tail race throu(;h flume and wheel; permanent marks were made on iron 
scales, firmly secured- to the wall of each tail race, then marks wrre added for 
1500,2000. 2500, 3000, 3500, 4000, 4500, 5000, and finally 5236, as the maximum 
the Manufacturing Company's wheel could dischargo. The discharge of Mr. 
Nye's wheel had stopped at 3906 cubic feet per minute. The scah s in th^ tall 
races remain and denote at any time the quantity of water used by each party. 
The weirs above the mills were removed as soon as the scales were marked- In 
well constructed tail racos tlie quantity used may be very accurately denoted, 
though, of course, the plan will not answer where the water from different mills 
is discharged into the same pit, or where there is backwater. 



Backwater Suits. 
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There are mill-owners in all parts of the country, who believe themselves 
injured by backwater from dams oelow ; to such, the case of L. L. Brown & Co. 
Ts. H. N.Dean & Son of South i\dams, Mass. , will be of interest. Where Brown's 
paper mill, M, M., now stands, was started 60 years since a saw and grist miU; 
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M may be seen in sketch; this is near the head of one of the branches of the 
river which forms the island. Dean's tannery was afterwards located on the 
race 6 ; the dotted line 3 represents the dam therefor ; the crest of this dam was 
about level with the bottom uf the saw mill wheel pit; flush boards were used to 
raise the dam still higher, as the bed of the stream above was then so high as to 

Ere vent flowage back into saw-mill pit as claimed by Mr. Dean. There seems to 
ave been a dispute about the right to use the flush boards, though it was con- 
ceded that they were almost cunstantly in use, though at times removed when 
power was not required at the tannery. Afterwards Mr. Dean purchasi d an old 
fulling mill privilege, and moved his tannery further down stream ; erecting a new 
dam which is marked 5, the water being conveyed to tannery through the race 8. 
The dotted liue 4 represents the fulling mill dam but little of which remains,thongh 
there is sufficient to show that it was at least d>^ inches higher than the new dam, 
the crest of which is six or seven inches higher than the floor of wheel pit in what 
is now Brown's paper mill; the stream over the new dam is 38 >^ feet iu width ; at 
the old tannery dam it is considerably narrower. The crest of the o.d dam is 
removed, still the foundation is but a little lower than the crest ol the new dam* 
Two 4'i.inch Swain turbines, 1 and 2, have been placed in Brown's mill to drive 
the machinery; these take the water from the pond p, through the sluices shown ; 
the dischacge from the upper one passes down through arched races 7, 7, and is 
discharged below the lower turbine into the main race, which is here but a little, 
if any, over 14 feet in width ; this race has rou^h stone side walls. These wheels 
unitedl]^ discharge from 125 to 138 cubic feet ot wa.er per second; and the depth 
in race is 25 inches where the width is 14 feet; 23^ inches where the width is 18 
feet, and still less as the width increases ; as it flows over the new dam it is but 
nine iuch'-s in depth ; the velocity is much greater below the old taDner]^ dam than 
above. Mr. Brown claims th it the new dam backs the water on to his wheels; 
to prove this, witnesses testify that until the new dam Wi^s constructed there 
never was any wat. r in his wheel pit when his gates were closed, but now there 
lUways is. It was proved by Brown's witness tnat in race 6 Dean had b}4 to 
ft. head, and he now nas but 5, while he discharges into the river much lower down. 
Mr. Brown denies that the race has ever been lowered, but the bottom is now 
composed of small pebbles and gravel, while for miles, above or below the mill, 
the bed of the river is literal y paved with stones rounded by attrition, varying 
in size from two inches to as many feet. With a discharge fi om good wheels of 
138 cubic feet per second, the depth over a 14 foot weir would be 25 inches, so 
th:it it is plain that Dean's dam is not the cau^^e of the depth in the tail race of 
Brown's mill. That there was no water in the saw mill pit while Dean's mill was 
at race 6 is readily accounted for from the fact that that race drained the saw mill 
pit while it was open, but that race was filled up when the new dam was con- 
structed. The water in the pit since, when whe<l gates are shut, is simply 
standinQt not backwater. Though denying that the race had been lowered it 
was not denied by Mr. Brown that the boulders had been cleared out of the race, 
and of course it would have been tisel'ss to remove these boulders unless they had 
obstructed the discharge from the mill above. From the character and tone of 
Brown's witnesses it was evident that tliey were sincere in their statements ; but 
nature furnishes better evidence that the tail race had be n lowered, also, that if 
Dean had a right of 5 >^ to 6 feet head at race 6 he could not possiblv encroach upon 
the privilege above, with a 5 foot dam at race 8. I was not called into the case 
until the day before the tr.al commenced, and had no knowledge of the place 
before, so that I was unable to account for the water standing in Brown's pit 
after Dean's new dam was constructed, until it happened to be mentioned that 
the race 6 was filled up as soon as the tannery was moved to the new dam ; then 
the cause became plain, but it was too late to explain, and the fact is only men- 
tioned that lawyers engaged in such cases may understand that standimo water 
in a wheel pit is beneticial instead of injurious. As the wheels in Brown's mill 
discharge double the water used by Mr. Dean, it would have been much less 
expensive to have furnished Mr. Dean with a larger wheel so that he could have 
obtained more power even with less head. 



Vexatious Waste of Water. 



One of the most vexations g^eivances suffered by manufacturers arises through 
the following circumstances. Suppose a dozen mills to be located within a short 
distance upon the same fall, one above the other; eleven of them have wheels 
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with which the natural flow of the stream is amply sufficient to keep their 
machinery in constant motion ; but the upper mill of tne dozen has wheels of the 
poorest kind, so that they require double the water necessary to do the work of 
mill, and the owner, through mulish pervt rseness continue^ their use, each day 
exhausting his pond by noon, then as lialf of the water has flowed over the dams 
below, all of the mills have to sttind idle the rest of the day. Of the equity in 
such a case there can be but one opinion; no engineering skill can aid, and 
only the strong arm of the law can r emedy the matter. Such cases are yery 
common. 



•'Bflaioienoy, Useful Effect, or Percentage." 



Are terms used to denote the economy of a wheel in its use of water, or the 
number of gallons it will pump back into the pond for each one hundred gallons 
drawn therefrom to drive the wheel There are wheels that for each hundred 
gallons used wi.l return but twenry.five, others will return fifty, while medium 
wheels return sevent3'-five, a better class eii?lity to eighty-five ; the very hiahest, 
under favorable circumstances will return something over ninety per cent., and 
of course, other merits being equal, are by far the mos^t desirable. 



What is the Real Working Head? 



The term " Head" as used in connection with water-power means the dififer- 
ence in height from the surface of water in wheel pit to the surface in the penstock 
above, when the wheel is running. 



What is a Square Inch of Water? 



A square inch of water means a stream exactly an inch square, its length 
depending upon the head from which it issues ; for a head of four feet, it means 
a stream an inch square, 16.04 feet in len^h, per second; for a head of a hundred 
feet, a stream an inch squaro, 80.35 feet in length, per second. To turn this into 
cubic feet, multiply by 12, then divide by 1728. 



Pressure of Water on Dams. 



Depends on the depth, and is the same whether the pond covers one foot or 
ten thousand acres. 



What Power is Required to Drive a Run of Stones. 



A more difiicult question to answer, because the quantity ground in a given 
time has much to do with it ; experienced millers west do not use more than fif- 
teen horse-power per run. including ri ceiving grain, flouring and delivery in 
barrels. White & Beynon. Laucsboro, Miin. have six run of stones; have 89 
horse-powcr of water, about 72 horse-power actual; keep five run at work, the 
sixth being stopped for sharpening. White, Nash & Co. of the same place have 
the same power, five run of stones, four kept constantly ruiining; use their 
wheel at part gate. It will be seen by examination <<f the Dayton, Ohio, water 
renting rate that 5^^ h. p. has been considered sufficient for a run of stom s, 
while with the 1000 cubic fe^ t allowed at Oswego, N. Y., used on a Revnolds 
wheel would not lealize more than 15 h. p., so that 15 h. p. for each run of stone 
and necessary machinery is a liberal allowance. 
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Loss of Head through the Use of Small Conduit, 

A belief preyails ainong turbine builders that where the water approaches 
a wheel with perceptible velocity that tliere is a correspouding loss of heal 
so that the wheel can not transmit the power due the head. 8uch is not my 
belief, for there seems to be no good reason for ignoring ths momentum gained 
by such Telocity, that is within reasonable limits. The woolen mill of Beebc, 
Webber & Co., of Holyoke, is located below the si cond level. Head varies from 
eleven to twelve feet. Originally the use of only five sets of machinery was 
contemplated. The water is brought to the mill through a round wooden trunk 
75 feet in length, with au inside diameter of 57 inches. The wheel pit is circular, 
14 feet in diameter, and 2)4 feet in depth. A five foot Tyler Scroll wheel had 
been used fourteen years, but was unable to transmit sujfficient power to drive 
the eight sets of machinery now in the mill, and it was found to be necessary to 
obtain more power, but the small size of trunk and shallowness of pit caused 
wheel builders to hesitate, thi-ou;:h fear that the loss from head would more than 
equal any gain that could be obtained through increase in size of wheel. I rec- 
ommended the use of a 60-inch turbine, and the builders, Messrs. Fales, Jenks & 
Sons were induced to guarantee eight}'-five h'>rse>power under the existing con. 
ditions. The wheel was set and my brake applied. Before the gate was opened 
the differenco between the Uvc 1 of the two canals was founcTto be 11 fee t, 8 
Inches. For that head I calculatc'd that 4000 pounds should balance the fi>rce of 
the discharge with the gate open and the wheel hvld stationary by the brake, 
and on opening the gate that weight which had b^en put on the beam was found 
to exactly balance, though the head on the wheel was kss than ten feet. Under 
ordinary conditions the wheel used will carry at its best speed exactly half what 
it will balance when held stationary by the brake ; but the vc locity of the water 
seemed to change its character somewhat, for it gave its hif^hcst result, 88.66 h. 
p., carrying 1000 pounds at 77 revolutions per minute ; its tabled sper d was sev> 
era! revolutions less ; at that speed the head as shown by a glass tube inserted 
in penstock directly over the whet 1 was found to be 10>^ feet. 



Turbine Builders' Theories. 



It is an old theory in turbine building that turbines should carry about half what 
they can lift when held stationary ; with gate opi ned in full, the Houston wheel 
Almost invariably does so, and there are a few others that approach that rate, 
while there are many that do not. Many of the Risdon wheels run with three- 
fourths of what they can lift. Some wheels will run with, say, nine hundred 
pounds, and only lift one thousand. A few days since a wheel was brought to ha 
tested ; it was set and tried first while held by brake ; gate opened in full, it bal. 
anced 470 pounds, head 18.59 feet, discharging? 928 cubic feet per m'nute. It was 
started with 300 pounds making 178 revolutions per minute, and dischart: ing 1241 
cubic feet of water; weight was gradually added, the speed decreasing with 
each addition, while the discharge increased. Discharging 1289 cubic feet, it 
made 124 revolutions per minute and carried 475 pounds. It was stopped b^ 
brake, then of course could not start until partially unloaded. It will be obvi- 
ous to all that the more surplus lifting power a turbine has the steadier it will 
run under sudden changes produced bv adding or throwing off machineiy; ihe 
wheel was a central discharge. Builders starting with such are behind the 
age. 

A Proposition of Seemingr Equity that has no 

Merit. 



f 



A common i)roposition, and to those unac<iuainted with the subject a seem- 
ingly fair one, is that two turbines shall be connected together and their merits 
deteimined by ascertaining which shall drive the other. Such a test would be 
pei'fcctly worthless. The pitch of the buckets of one might be such that it 
would under the head tried carry 100 pounds, and make 200 revolutions per min- 
ute, while those of the other might bo such that it would cari7 200 pounds and 
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make 100 revolutions per minute, both usingr the same quantity of water duiinsf 
the tiial* Of coarse me slow wheel wtiulU drive the fast one, but other things 
being equal the £Ast wheel would be the best. 



Bciickwater. 



Turbines of anj make are not perceptibly effected by backwater except 
through loss of head. I think a slight difference was found by a commission 
appointed by the French goverament to experiment with the Foumeyron 
wheels. I have in two or three cases where long draft-tubes were used, thought 
the loss greater than should occur from the loss of head, but have had no 
chance to determine the matter by actual test. 



Submerging Turbines. 



Many builders insist that it is essential that a turbine should discharge under 
water, but it is doubtful for the same he id whether it makes any difference if 
the wheel is properly made, though it prevents trouble Iromice and generally 
extra head is gained by submerging lower part of wheel. — 



Draft Tubes. 



If a draft'tube for any considerable proportion of the head is used, its lower end 
should be submerged to such depth as to render its immersion constant, other- 
wise when first starting up only the head above the wheel will be available until 
the discharge has exhausted the air from the tube, then when it does take hold, 
unless the gate of the wheel works very quick the ppeed is wild for a short time. 
Where there is backwater some length of time, a short draft-tube renders it 
convenient to get at the wheel in case it is necessary to do so, but in most cases 
I should prefer to have the lower part of a turbine stand in the tail water. 



"Hydraulic Motors/' 



A ttirbine is no more a hydraulic motor than the harness of a horse is a horse 
motor. A turbine simply transmits the power of a motor or the power evolved 
from falling water. Consequently, the power it may give out depends upon its 
efficiency, capacity, and the head under which it works; the same wheel may be 
placed whereat may easily transmit a hundred h. p. or be overloaded in attempt- 
ing to transmit one. 

The Turbine. 



The question is often asked .* Has anything in the water wheel way ever been 
found in useful effi cc equal to the turbine t Probably meaning what in this coun- 
try is usuallv called the " Boyden wheel," though it was invented by M. Four, 
neyron, of !b ranee. The word turbine is d rivod from the Litin, turbo, which, 
among other things, means a top or its whirling motion. Anj wheel working 
upon a vertical shaft is a turbine. The B<>ydon wheel was designed more than 
fifty years ago, and since then th'*re have been great improvements in aU kinds 
of machinery. Like wheels of any other dcMsrn it varies; one at whole gate 
might be good, the next very poor. It should never be used in connection >viih 
steam ; it is so poor at part gate that with half gate or less the steam would have 
to drag the wheel. 

•• Overshot Wheels." 



Is there any turbine mide, that on a variable stream in efficiency can equal 
the overshot ? Te^, plenty of ibem that will not only equal but far surpass the 
best overshot wheel ever construeted. at either whole or part gate, whether the 
supply of water is constant or variable. 



HUrhest Possible Besults Guaranteed. 

Pot rem pMt tnrblac builden of a cfrtaln cliti h»ts nnhcsitwln*!)' promised 
whil lliej Will knew »t the lime their wlieels could not do. The pisoilce iua 
been so Kener&l Ih.il e»eii ia ooort It h&e been oftred apd ttKher •eccpted as hd 
eicuse, Ib^it though the wheel out; aocompb^hed ooe-half wliAt was promised, 
■he giuraiitee was no more eitrainganl Ihiin Ihe BTcrige turbine builder would 
BiTe, simply beoiuae there wu no meHB-i within the rtMb of ordinnry builders 

are less ineliQeS to gubniii or jarles to excuse. sDd builders will do weu'lo'tl^" 



"Chippins Buokets." 

Hu be«n m< 

wheel, Cher. ._ .. „ ... 

same purpose. Chipplog bwlv the edge of buckeuredm eg diEimeter of wheel 
above the botlom of ihuces, to that It; spied Is usually iucieaaid therebT. 
(SeeTyl.r'a tests.) Whilo inereailna whole gate results It usually injures ifio 
wheel at psTt ntc. II WDDld sei'mtEat where the edires of the buckei eilend 
cloie to end of ohnlesihat Ihej act like a fao or rotary pump aud draw the water 

lag gate opening does not increase diiclmrite bejond a eertain Umil, though it 
iuaj hare go.d effect bj changing dlreetion of water tbrou|Eh the chutes. 

Tiffht Oates, or Good Part Gates, 



while the Borden. H^ton. Cnllioi. Hunt, Gey< line and muiy other wheels ui 
the same nature waste from 2i lo 50 per cent, daily, if run Scoia one-third to 



three.fourtha gi 



Variation of Turbines, 

nseTul effect; yetithas been well understood for twenty years past that a lur- 
will iriie equal satiifactlon In another mill ; heece the uncertainty that has pre. 
wheels of all makes. ' Bnt a few sp-cial cisea are giyen here : The Tyler wheel 



Remarks. 


No. of Teat. 


Head. 


Wht 


Rer. 


H.P. 


weir. ^^ 




Leakage, 10.77 
Cubic feet. 


Aprd 20, 1878. 
-Vtlio'e Gate. 


18.M 


S75 


IBBS 


2S.7! 


TM 1M5.M 


Mii 


The buckets were cm bwk to first white line 
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inches in width, to twelve inches in height; then the wheel was tested a third 
time, April 22. 

"Whole Gate. 
Leakage, 67.83 cubic feet. 
Length of Weir 10 feet. Temp, 
of water, 45 Faji, Weight of 
water per cabic foot, 62.378. 
Circumference of Circle 15 ft., 
application of two pounds at 
the periphery rotated wheel. 

Part Gate 



18.50 


640 


000 


000 


.786 


1302.57 


18.50 


375 


219 


37.32 


.742 


1190.25 


18.50 


385 


215.3 


37.67 


.738 


1180.19 


18.48 


395 


209 


37.62 


.745 


1197.81 


18.49 


400 


205 


37.27 


.745 


1197.81 


18.50 


390 


211 


37.40 


.743 


1192,77 


18.50 


380 


215 


37.13 


.740 


1185.22 


18.50 


870 


220 


37.00 


.738 


1180.1i 



.0000 
.8966 
.9127 
.8966 
.8904 
.8966 
.8958 
.8966 




(I 
« 

(( 

(I 



« 
(i 
(( 
t( 



18.60 


325 


215 


3176 


.680 


1037.38 


18.62 


300 


209 


28.50 


.650 


965.60 


18.67 


275 


212 5 


26.56 


.628 


914.01 


18 76 


220 


213.5 


21.35 


.562 


764 49 


18.85 


160 


215 


15.63 


.486 


602.53 


58.93 


105 


213.5 


10.18 


.417 


465.71 


19.01 


60 


197 


6.37 


.346 


334.25 



.8709 
.8386 
.8234 
.7880 
.7280 
.6109 
.4471 



The tests of the 22d were too regular to allow of doubt as to their accuracy ; 
they were not made in haste ; the wheel was stopped after the third test, result 
worked out and the matter oon^idered. 

The wheel was returned to shop and refinished; the edges of the buckets heina 
smoothed up, holt s were drillea in the beayy bide of wheel and plugged with 
wood to balance it, then it was sent to Centennial, afterwards returned to me for 
re-test. The moment its gate was openc d after it was set for test, it was evident 
it had been changed; it was so sensitive that it was almost impossible to control 
it with the brake. It could not be made to work easy, though tried in various 
ways. The data and results below are the best obtained : 



Head. 


Weight. 


Revolu- 
tions. 


Horse 
Power. 


"Weir. 


Dis- 
charge. 


Per 

Cent. 


18.38 


375 


221 


37.67 


.794 


1318.42 


.8242 



The leakage into pit from flume was 72.73 cubic feet per minute ; adding ten 
pounds to the weight to make up for the difference required to rotate the wheel, 
■would have increased the power to 38.67, and percentage to 84.62. After the 
trial the step was fotmd to be cmted over; the wheel was taken to machine 
shop and changed three times after the first tria', making four trials in all, vary- 
ing but slightly from the first test. The last time it was taken to the shop the 
lower rim was reduced by a chip 1-32 of an inch all around it, causing an 
increased discharge. The data and results of best tr s;s of the trial, before and 
after reducing rim, are given below to show the accuracy of weir measurements 
compared with theoretical discharge due the increased area of opening. Results 
of tost before the rim was turned off, then after it was reduced ; 





Head. 


Weight. 


Rev. 


Horse 
Power. 


Dis- 
charge. 


Pit 

Cent. 


Before 

After 


18.40 
18.39 


375 
385 


218 
214.4 


37.16 
37.52 


1328.45 
1353.80 


.8061 
.8010 



Actual increase as per weir measurement 25.36 cubic feet 

Theoretical dischai-ge due the increase' I openinir 25.31 cubic feet 

Test of a 43-inch Risdon whee', April 28, 1874. Same brake used as for testing 
the Tyler. Correction for leak-.ige int > pit 77.74 cubic fi-et. Wiight of wator 
per cubic foot, 62.38. Length of weir, 10 feet. T-mperaturc of water, 40 Fah, 





Head. 


Weight. 


Rev. 


Horse 
Power. 


Weir. 


Cubic 
feet. 


Per 

Cent. 


Whole Gate. 


17.91 


1200 


151 


82.36 


1.258 


2664.03 


.9132 






17 93 


1200 


148 


80.72 


1.260 


2676.91 


.8877 






17.92 


1200 


148.3 


80.89 


1.261 


2680.14 


.8910 






17.90 


1250 


144.5 


82.10 


1.264 


2689.82 


.9021 






17 98 


1150 


146.5 


76.58 


1.195 


2169.92 


.9121 






18 00 


1200 


137.5 


75.00 


1.203 


2495.13 


.8834 






18.17 


1000 


147 


66.82 


1.127 


2258.84 


.8613 






18.29 


850 


150 


57.95 


1.045 


2012.02 


.8331 






18.30 


700 


138.6 


41.10 


.932 


1686.47 


.7559 






18.43 


650 


148 


43 72 


.932 


1686.47 


•7439 
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The report of the foregoing test caused Otto Troost of Winona, Minn., to order 
one like it. The order was to get one as good, let the cost be what it woald. 
Mr. liisdon built one from the same patterns and sent it to me to be tested. 
Eight pounds rotated the whi el. The results arc j;iven below : 



Whole Gate, July 8, 


17.83 


1200 


142.5 


77.73 


1.290 


2795.31 


.8264 




17.82 


1220 


138.5 


76.80 


1.291 


2798.25 


.8159 




17.82 


1240 


136 


76.65 


1.290 


2795.31 


.8153 


Leakage 56.57 cu.ft. 


17.80 


1180 


143..5 


76 95 


1.286 


2782.27 


.8157 


Wgt.of water 62.285 


17.79 


1160 


145 5 


76.72 


1.284 


2775.77 


.8231 




17.79 


1140 


147.5 


76.43 


1.282 


2769.27 


.8220 


Part Gate, 


17.84 


1100 


142.5 


71.25 


1.230 


260193 


.8136 


(« « 


17.84 


1125 


139.7 


71.50 


1.232 


2608.31 


.8140 


C« 44 


17.i*2 


940 


148 


63.23 


1.160 


2381.74 


.7886 


<« « 


17.92 


960 


146.5 


63.92 


1.162 


2387.94 


.7915 


(( (< 


17.92 


980 


143.5 


63.95 


1.164 


2394.16 


.7997 


(( «( 


17.91 


1000 


142 


64.54 


1.166 


2400.38 


.7954 



Taken to machine shop, then re-testcd July 9th; .required 11 pounds to rotate 
wheel. 



1 18.00 1 1 141.5 1 77.18 | 1.289 | 2782.45 I 


.8168 


Again taken to shop, then re-tested July 13. 


1 17.97 1 , 146 1 76.32 | 1.286 | 2772.69 I 


.8119 


Taken to machine shop a third time, re-tested July 16. 


1 17.97 ; 1 152.5 1 76.24 | 1.284 1 2766.19 | 


.8131 



I will here explain about slight chiinges mentioned in roport of Risdon's tests, 
First, a 25-inch Aisdon wheel was tested. June 16, 1874; it gave 75 per cent use- 
ful effect. Mr. Kisdon had it taken to shop and tlie lim of wheel reduced the 
lightest chip possible ; the wheel was re-tested the next day and gave .8704 per 
cent. A second 25-inch was tested July 20. 



Head. 


Weiffht. Bev.perM. Horse Power 


Cubic feet. 
845.93. 


Per Cent. 


18 41 


320 232 22.49 


.7655 



The wheel was taken to the shop and the biidge tree lowered one and a half 

inches; thenrc-testtd July 21. 



^ead^ 
18.61 



Weight. Hcv. per M. .Horse Power] Cubic feet. 

256 r 



320 



24.82 



823.06 



Per Cent. 



.8593 



A 54-inch Risdon was tested, July 12, 1876. 


Head. 


Weight. Rev. per M. H« >rse Power Cubic feet. 


Per Cent. 


17.06 


1900 107 123.21 5047.72 


.7586 



When the wheel was put logether the chutes projected too far inward, and the 
inner ends were cut off leaviwe them square across, and about half an inch in 
thickness ; after the test the whe<l was taken out and the back side of the inner 
end of chutes were chipped away, leaving the ends a "quarter round;" this 
added ten square inches to the openings; the wheel was re-tesied Aug. 1. 



Head. | Woighr. Rev. p' rM. , Horse Poweri (. ubic feet. 



8.66 



1400 



78.5 



49.95 



3742.54 



Per Cent. 



.8177 



Similar variations will be found in testing any make of wheels. When the 
system of testing commenced some ten years since, there whs hardly a wheil 
tried that was in a condition to run until various alterations had been made ; tlie 
step was out of place, or the followers were made of season3d w*. od and would 
swell aud bind the wheel as soon us wet. Few balanced tht ir wheels, and it 
really needed a machine shop to put wheels in order before they could be tested ; 
days, sometimes weeks were required to test a wheel. Builders do better now, 
still many wheels are yet sent to me thit are in no condition to be tried in a 
testing flume or mill. The test of an Eclipse >vhecl is given on next page to 
show the effect of tight followers aud swolleu step; these were loosened before 
second trial : 



STILWELL &. BIERCE MANUFACTURING CO.. 
Dayton, Ohio. 

This eecEIBes thai ■ Wst«r Wbeel 2£ inches Id diameter, nwle of cut Iron, 
known u Che EclLpee ElouULa Turbine, wu Hut to the Loirell Testing Flums 
by the atllwell & Blerce Msnabctaring Co., of Dsylon, Ohio, to be tested. 
Tbe figures shoirlng the exact results obtained by me, may be found below. 
During the test Che scale beam was attached to tbe brake at a point which. If 
reTOlvIng, would describe a circle twenty feet in circumference, consequently 
tbe reToluUoui of the wbeel must be mulllpKed by twenty to obtain the coiv 
rocE speed. 

Lengtii of Wair, fl feet; correction for Weir lete\,—J}liS; temperature of 
water, Tl { widghc of water per cubic foot, 62 864. 



LoWELi^ Mais., Augnst 20 II 



JAUES EMEBSON. 
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Water Wheel Boyalties. 



TTpon what system of reasoning does the turbine patentee claim royalty upon 
plans of no ceriain value ? To render a patent valid the inventor must have plans 
8o well defined that he can describe them so that those skilled in the art maj 
readily build from such plans or description thereof; if he can not do so, what 
right has he in the invention? There has been too much sympathy for the 
«< poor inventor " and not enough generally for those who fiud meuns to carry 
out such inventions ; an arrangement generally that the inventor shall find ezpe* 
ricnce or plans, the capitalist money for the inventor to live upon and experiment 
with. For months, perhaps year», the inventor slashes away with little consid- 
eration for anything but his own fancies, and if a true inventor, enjoying much 
ill witiie8sin<< the development of his ideas; while the capitalist too often 
finds that he has changed positions, that in fact ho has the experience, while his 
money has turned to moonshine, or something as unsubstantial. Capitalists do 
not invest in 70 per cent, turbines, and there are no good reasons for expecting 
royalties for such. 



Numerous Sizes of Turbines. 



In looking over the piles of circulars issued by the hosts of turbine builders 
one is surprised at the numerous sizes tabled by each; and when it is understood 
that these tables represent boih right and left hand wheels, the question arises 
as to how any man co.tld ever expect to do a profitable business where so many 
expensive patterns are required, unless such wheels can be sold at an immense 
profit. A list so numerous acknowledges the fact, that such wheels can only be 
used economically when exactly adapted to a fixed quantity of water; i^i short, 
that they are extravagant in its use unless working with gates completely 
opened; this has been the case since the first introdnctio.i of the turbine, and in 
some cases m.iynnwbe done more through habit thati necessity; but if neces- 
sary, then it is plain that such wheels can not economize the power of our 
variable streams; el* her there must be a wast'^ of one-half of the power during 
eieht or nine months of the year, or a total stoppage through the dry season. 
Then, again, wh.it earthly use is there for « right and left hand " wheels of the 
same size ? By turning the teeth of the crown gear up or down, the shafting is 
rotated in the direction desired. With thirty-two sizes of turbines to work up 
to a desirable percentage, farewell hope ! Manufacturers and turbine builders 
must consider and work together, if wheels of high useful effect are invariably 
to be expected. Nnmerous sizes add much to cost and the purchaser has to pay 
for it. If 1 ft hand wheels were impossible they would soon be found unueces- 
s.iry, for preparations can easily be made to meet the case. Seven or eight sizes 
only, would allow the builder to work them un right, and the purchaser would 
soon be able to procure a turbine that would utilize the whole power of his 
stream, ei.her summer or winter. 



Hard Bunning Wheels. 



For several years after the testing system began there was hardly a bidlder 
who took any particular pains to have his wheels run easy. *' Oh it will go, only 
put the water to it," would be the reply when the subject was mentioned. I can 
recall several that would have gained very different results had their wheels 
been in proper condition, but the matter was not so well understood then as now. 
Even now it requires constant attention to avoid errors in that way, for it is very 
c >mmon for wheels to turn perfectlv free at the start, then after running a few 
minutes become bound throui;h swelling of step or followers, so as to lose a num- 
ber of revolutions per minute, carryinflr the same weiirht as at first starting; 
Risdon's highest result 91.32 and Tyler's 91.27 were supposed to be erroneous, 
because neither could be repeated, bat from the cau.se named above they could 
not be rejected. 
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Test of Wheel to Determine Loss of Power in 
Transmission Througrh Gears. 



In making the experiments to determine the loss of power in transmission 
through gears, mitre gears tweiity-seven inches in diameter, fiye inch face, fifty- 
seven teeth, were used on wheel and '* Jack-shaft," the last being six feet in 
length, and three inches in diameter; n^ spur gear twenty-four inches in diameter* 
four and o>ie half inch face, forty-four t'-eth, was secured upon the * jack-sbafr,' 
which worked into another gear of (he same size upon a second horizontal 
shaft, same size and length as ih«^. first; the second repr.-senting the main line of 
shafting through a mill, both horizontal shafts worked in common babbitted 
bearings. The dynamometer was placed upon the end of shart representing the 
main line, and thu wheel tested through the two pairs of gears; then upou the 
wheel shaft. 



Dynamometer on 
horizontal shaft, 
Dyuamometer on 
Wheel shaft, 



Tests. 



1st test, 
2d *• 



Head. 



Revolutions. 



16.03 feet, 
16.08 *« 



160 per minute 
168 *« 



Horse 
Power. 



26.55 
26.73 



Percent- 
age. 



75.90 
77.40 



Important Tests to those Gearing Wheels where 

the Head Varies. 



The best speed for each head is first given : 20-inch whoel. 



Head. 


Weight. 


Revolutions 
per minut«. 


Horse Power. 


Cubic feet. 


Pet cent- 
age. 


18.44 
7 85 

18.35 
7.99 


500 

200 

640 

75 


249 
164 
161 
246 


39.92 
9.94 

8122 
5 50 


1400.31 
869.84 

1418.94 
757.93 


.7753 
.7724 
.6663 
.4911 



48-inch wheel. 



*17.55 


1100 


121 


80.66 


3586 83 


.6733 


9.79 


600 


90.5 


82.90 


2540.80 


.7018 


17.47 


1525 


90 


83.18 


3618 81 


.6982 


10.00 


200 


120.5 


14.60 


2199.34 


.2522 



*121 revolutions per minute was fouud to be the best speed fur wh )le and part 
gate. 

Turbine Buckets. 



Ton years since turbine builders added much to the cost of their wheels by 
making; the buckets of sheet iron, steel, brass, or bronze ; shaped in iron moulds. 
The best turbines yet produced have boen made entirely of cast iron. Wrought 
iron is decidedly the poorest material that can be used for that purpose. 



A Word to Aspirants for Fame as Turbine 

Builders. 



The incentive to turbine building is probably its supposed profit. A wood- 
sawyer, so little of a mechanic as to be unable to file his own saw, unhesitatingly 
rushes into the business, yet it is one requiring the highest ponsible skill; expe- 
rience s:ion causes the adventurer to refirret his haste. ^ strictly honorable 
turbine busineatt under existing circumnUmcea, can not be made to pay ; that is, to 
sell every wheel by test on its real merits would leave half the numocr made on 
the builders' bands, for purchasers require the highest results at the lowest 

J trices, and there are scores of builders ready to guarantee such so far as talk 
9 concerned. 
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Testingr Flume and Turbine Testingr. 



The testinflf system, or practice of testiii|» turbines before purchase to deter- 
miae their value, has become so general that there is no turbine builder of anr 
reputatiou, who has not found it necessary to submit his wheels to such trial, 
in order to enable him to sell them; this being the case it is proper that the 
method by which such te-ts are determined should be made familiar to all inter- 
ested. Ten yoars since the testing of a tu' bine was a serious matter, and could 
only be accomplished at a ^reat outlay of time and money, the cxpecse extend- 
ing into the thousands ; while the apparatus used was so crude, and the compli- 
cations were so numerous, that the matter was understood by but few, and was 
belieyed in by less ; thousands and tens of thousands of dollars have since been 
expended in simplifying the process of computation of results obtained, the manner 
of obtaining them, and in ridding the system of rubbish of no earthly use. In the 
first place it should be thoroughly understood, that weighing the power of a 
wheel, or in other words what it will pull while running at a certain speed, is 
precisely the same in principle as to weigh what a horse or man can pull while 
traveling at a fixed speed, or as in weighing groceries ; consequently an accurate 
scale beam with knife edges and scaled weights are required as much in the one 
case as the other; the pounds named i i testing a wheel mean precisely the same 
as in weiirhing hay or sugar; and if a proper weighing and controlling instru. 
ment is used, th >. wheel will be kept at the same speed so long as a given weight 
is carried: cmsequently the gauges remain constant with the same weiuht on 
scale, and with the same head of water, so that six different persons taking the 
gauges add exactly six times to the chances for errors in testing a wheel, and as 
much more to the co*t. Testing with proper apparatus and conveniences is a 
very simiile matter, but it requires experience to make such test reliable ; and 
though an engineer may hare the formula committed to memory, he will need 
considerable experience practic^y before be will be able to make tests that can 
be depended upon. 

Wbib Mbasurxments. 

Within the past few years much has boen sa'd and written for and against the 
reliability of measnri'ments of water flowing over weirs ; this has arisen throush 
the great diversity of results obtained bv different persons, who have used the 
same formula for computation of data. Turbines of almost ever^ make, tested by 
their builders, have seemingly given high useful effect ; while in actual use few 
of them have proved eco lomical in the use of water. This has had a tendency to 
discredit weir mensurements, but unjustl3r so, as may readily be explained, for 
the matter is one of great simplicity, notwithstanding the complications thrown 
around it by tho^^e who have supposed a long array of decimals denote profun- 
dity and accuracy. Any weir under exactly the same conditions will repeat 
results invariably ; but a formula based upon certain conditions, will not give 
correct results if those conditions arc changed. All brooks and rivers vary 
much in width and depth, yet the same water flows through the narrow as well 
as the wide places, the velocity, of course, varying with the cross section of the 
stream. The velocity, however, does not cease immediatelf upon entering a 
wider or deeper part, but continues until the momentum is lost, and the general 
level attained ; this of itself would prove the necessity of placing a weir at a 
considerable distance from the discharge of a higher head. The Francis for- 
mula is bas d u,>on the natural flow of the water, which for a depth of one foot 
over a weir is about three feet four inches per second ; and it must be evident 
that such formula is entirely inapplicable where the velocity is four or five feet 
per second, as it maybe if the weir is placed close t > the discharge of a poor 
turbine, where the water leaves the wheel with half the velocity due the head ; 
or where a cross section of pit or stream approaching the weir is but little 
greater than the capacity of the weir itself. It is plain that under such condi- 
tions the velocity will vary according to the useful effect of the wheel, and 
equally plain that no reliable correction for velocity can be applied. Had this been 
considered, much trouble and expense might have been saved the past twenty- 
five years ; for it is not likely any builder would have knowi igly continued the 
manufacture of f >rty per cent, turbines. The cross section of a pit or stream, up 
stream from a weir, should be at least five times the cross sec. ion of the stream 
flowing over it; and for a discharge of two thousand cubic feet per minute, the 
weir should be fifty feet from the discharge of the turbine, or opening into pit. 
Racks should never be used, as they obstruct and raise the water so that it 
passes through with renewed velocity. If theie is a horizontal discharge 
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towards the weir, check the current by zigzsig breakwaters. For measuring the 
flow of a rirer the weir or dam cannot be too larg^, but it may be for measuring 
the dischar^ from a mill where a governor is used, as the varying discharge, 
caused by adding or throwing off machinery, may prevent accuracy if too much 
time is required for the water to find its proper level. 

THB 8AMB WHBBUI TBSTBD IN PITS OF DIFFBBBNT CAPACITT. 

July 24 and 26, two wheels were tested at Holyoke flume ; these had previously 
been tested in another flume, the measuring pit of which was about nine feet in 
width, two feet in depth below crest of weir, while the weir itself was twenty 
feet from the wheel. The following results were obtained : 

Largest Wheel : Stilwell & Bierce Flume. 
Head, 7.64 feel Discharged, 1178.00 cubic feet. Percentage, .9785 

Holyoke Flume, largest wheel : 
Head, 1840 Discharu'ed 2233.55 cubic feet. Percentage, .7520 

Heset and again tested : 
Head, 18.07 Discharj^^ed 2214.66 cubic feet. PcrcentHge, .7533 

Theoretical discharge for head of 18.40 feet, based upon the Stilwell & Bierce 
test should be 1828.7 cubic feet. 

Smallest Wheel : Stilwell & Bierce Flume. 
Head, 7.82 feet Discharged 761 cubic feet. Percentage, .8604 

Holyoke Flum" : 
Head, 18.33 Discharged 1387.27 cubic feet. Percentage, .7777 

Taken out, overhauled, then re-tested: 
Head, 18.44 Discharged 1400.31 cubic feet. Percentage, .7753 

The head was then reduced, and it was again tested : 
Head, 7.85 Discharged 869,34 cubic feet. Percentage, .7724 

Theoretical discharge, based upon Siilweli & Bierce test, for 18.44 feet head, 
should be 1168.5 cubic feet. 

These tests show how little reliance can be placed in measurements made in a 
pit of insufficient capacity, yet how accurately a proper pit and weir will repeat ; 
«t the sam'j time they explain how the high results reported so often by inter- 
ested parties are obtained. 

Illustrations and description of testing flume and apparatus of the present 
time are herewith given: Fig. 1, represents the dynamometer, or weighing 
instrument; Fig. 2, an elevation of a testing flume; Fig. 3, a plan view of the 
same; Fig. 4, the ho >k gauge. Through au opening in the side of fore-bay Fig. 
1, maybe seen a turbine wheel with its shaft; extending upwards, on the upper 
end of which, above fore-bay, is secured the instrument for weighing the power 
transmitted from the water discharged. To ascertain the useful efiect it is nec- 
essary to know the head under which the wheel works, also the quantity of 
water discharged by it in a given time. The head is the difference in height 
between the surface level of water in pit and fore-bay when the toheel is running^ 
St which time there is generally too much disturbance in the water to allow of 
accuracy bv direct measurement, thus necessitatint? the use of the ta ks A and 
B; the tank A is connected with water in fore-bay by a short piece of three- 
fourths inch steam or gas pipe, through which the water flows too slowly to 
eause ebullition, but fast enough to keep the surface in tauk equal in height with 
that in fore-bay; from the bottom of the tank a rubber pipe extends to the bot- 
t )m of a glass tube, placed beside the measuring pole at the ri<rht. The tank B 
is connected with the water in pit by a rubber or flexible pipe, that the tank may 
foe raised or lowered, in order to keep the top of the tank nearly even with the 
surface of tail water iu the pit; with this arrangement the point of the hook, 
which may be seen at the lower end of the measurin<i; pole, will be perceptible 
the instant it breaks the surface of the water in the tank. This hook and the 
p >le is raised or lowered by a hand nut sh ^wa above the tank. The pole is grad« 
uatedin tenths and hundredths of feet from the point of the hook to the top of the 
pole, so that after the point of the hook is adjusted to the surface of the water in 
the tank, the exact head may be found opposite the surface in the glass tube or 
tank A. The tank C, which is also connected with the water in the pit by a flex- 
ible pipe, slides up or down on two parallel rods, and is kept at any height by a 
counterpoise ; above this the hook gauge is firmly fixed to a timber in such a 
position that the point of the hook will arop in a perpendicular line through the 
center of the tank, and it will save making corrections for each measurement by 
placing the point of the hook exactly level with the crest of the weir whea the 
ssale of the gauge is standing at zero. 
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The proper dimensions for a testing flume are, of course, determined hj the 
size of the wheels to be tested. The fore-bay, in tiiameter, should at least be 
twice that of any wheel placed in it, while the width of the pit should equal one 
and a h.ilf times the length of the weir; below the crest of which the depth 
should equal four times the depth of the stream likely to flow over it. The weir 
should stand at least twenty feet from the wheel, and at an exact right angle 
with the flow of the water. 

The dynamometer, or instmment used to determine the power transmitted, is 
simply an improved '• prony brake." The wheel B is secured lo the shaft of the 
water-wheel, and its speed is controlled by the friction-band A, which is cou- 
nected to the scale-beam as shown, the point of conneciiun describing u circle of 
a given number of feet. The rim of the wheel and the friction- band are hollow, 
and are kept cool by streams of cold water passius; through them; the water in 
the rim of the wheel being supplied through its hollow arms and the pipe, 
shown in the engraving. The wheel B, is made of cast iron, the friction- 
band of "composition" or "gun metal '* The hands of the "counter" are so 
arranged in connection with a worm gear, that they can be made to rotate in the 
same direction the hands of a clock move, whichever way the wheel being tested 
may revolve. 

The hand wheel for operating the friction-band through the screw M, has a 
" universal joint " in its shaft , which is arranged with a slide to prevent fraud 
while testing. The connection of the band with the scale-beam is made by 
knife-edged links, and the pivot of the beam is also knife-edged. The weights 
are suspended at one end of the beam as shown at C ; at the other i nd is the 
" dash-pot " D, (it is better to have " dash-pot " at the same end as the weights,) 
filled with water to hold the beam steady. The pot is made of cast iron, bored 
out perfectly true. The plnntrer on the end of the rod is a thin disk of iron 
turned to fit the pot loosely, so as to allow it to move perfectly free ; it has six 
three-eighths inch holes through it, stopped with brass thtimb screws ; one or 
more of these may be removed at any time to render the beam more sensitive, 
but the screws must be left lying on the plunder, that the wei^'ht may not be 
changed. To prepare the instrument for testing, the "dash-pot" should be 
filled with water, the screws removed from the holes in the plunger, but left 
upon it, the beam leveled with the indicator standing at zero, as shown at E : 
then place a small weight in the scale-pan. and observe the number of seconds 
required for the weighted end to settle one-half inch ; then change the weight 
to the other end of the beam, the same distance from the fulcrum, and change 
the balance weight until the beam is balanced ; then return the screws to the 
holes in the plunger, and connect the beam to the friction-band by the links for 
that purpose. 

When testing, I find that the simplest and surest method of obtaining the 
correct number of revolutions of the wheel, is to hold the hands of the counter 
at zero until the '* timer " is ready; then to run several minutes, and divide the 
number run to obtain the revolutions per minute. 

The most perfect measurement with the hook gauge can be obtained by keep- 
ing the top of the tank C, nearly level with the surface of the water in it, then by 
looking across it the point of the hook may be seen the moment it breaks the 
surface. 

In testing a wheel I begin with a light weight, say for a 30-inch wheel under 
fifteen feet nead, start with 100 pounds, run two minutes — the man at the wheel 
keeping the beam level— then change to 125 pounds and repeat. Continue to 
change 25 pounds every two minutes until the speed of the wheel is reduced 
below its nest point, which is reached, we will sav, when it is carrying 250 
pounds ; then reduce the weight to 235 pounds, and chantre ten pounds every 
two minutes until. the best point is again passed, which is found, say, when it is 
carrying 255 pounds; reduce the weight io again, say, 242^'^ pounds and chancre 
the weight five pounds at a time every five minutes. Somctilnes, when not in a 
hurry, I commence with 100 pounds and run to 700, or even 800; then a^rain, I 
might start on the same wheel (if I knew about the proper weight for it) say 
with 600 pound«, an 1 not chansre more thnn 100 during the whole test. Some 
pai'ties desire to have their wheels tested with as short a ranire of wpights 
as can be used and the wheel's best speed be found, for the purpose of 
showing even results through the whole test; but to the initiatcfl, such results 
would appear no better than where greater changes were recorded if the weights 
Taried with the spe d. Of course, the more the speed of a wheel can be varied 
without affecting its percenta<re the better, but that is only determined by using 
a long range of weights while testing it. 
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The power transmitted by the wheel is determined as follows : Suppose the 
scale bjam ii attached to the i'riction brake ai a point, which, if reyolving, 
would describe a circle of 20 feet, aud the wheel running one hundred revolu- 
tions per minute, hold:} the beam at zero when loaded with 500 lbs., 20X100= 
2000 X 500 -10000 j-!-3a000 gives 30.30 horse-power ; divide the transmitted power, 
by the power of the water used, to ascertain the useful effect of the wheel. 

An example is here given cf finding the useful effect, after testing a turbine, 
a9 followed in 180J; and when it is understood that a hundred different weights 
might be tried in testing a wheel, and that during the trial some six or seven dif- 
ferent observers were taking notes ever;^ thirty seconds, and that all of these 
observations had to be made to agree it will readily be seen that there were wide 
openings, for errors. 

Tjsst IT^Ttlvr Wheel, September 21 and 23, 1871. 

149.2 Rev. per m. 

20 Circumference of circle 



2984.0 
300 Lbs. 



33000)895200 Foot lbs.)27.13 H. P. of wheel. 
66000 



235200 
231000 



42000 
33000 

90000 

4 
Q. per Bec.=3.33 (1—0. In H) H^ 

1.0615 Height of water on weir. 
— .0145 Correction for weir level. 



1.0470 

.2 Number of end contractions X^'l* 



.20940 
6.00000 Length of weir. 

5 79060=0.7627236 
3,33=0.5224442 . 
1.047=0.0199467 ) „! 
0.0099733 ( ^ 
60=1.7781513 



1239.48=3.0932391=0. per min. 
15.695 =1 . 1957613=Fall. 
62.336=1.7947389= Weight of cubic foot. 

33000 (ac)=3.4814861=Hor8eFower. 

36.75=1. 5652254=H. P. of water. 
27 13=1.4334498=H. P. of wheel. 



.7383=1. 8682244=Ratio, or, percentage. 
The formula for correcting the depth for the velocity of the water approach- 
ing the weir is 



H'= (H-fA)*— fe* 



in which the factor 



v« 



2g 
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y being the velocity foand by dividing the Q per second by the section of the 
stream approaching the weir. As the flume approaching the weir was 14 feet 
wide, and the bottom of it was 3-5 feet below the credit of tne weir, it follows that 
the area of a section of the stream, when there was 1.047 feet of water flowing 
over, is 14 (3.5+1-047) =63 .658 square feet. 

Q per sec.=^0. 658=1.3150883 
Section=63.658= l .8038530 

1.5112363=v 
2 



1.0224706=sv* 
2.1916296= 2 g(ac) 

.0016=3.2141002=A 
2.6070501 



.0001=5.8211503=^1 
Then H-f-A=1.047-h.0016=1.0486. 
1.0486=0.0206099 
0103049 



1.0738=0.0309148=(HH-A) ^ 

Then (H-f-A)^—A^=l .0738— .0001=1.0787 
1.0737=0.0308830 
0.0102943 

1.0486=0.0205887 

1.0486=H =corrected depth on the weir. 

Substituting H' for H in the weir formula first given above, we And the cor- 
rected Q to be 1242.25 cubic feet per minute. 

1.0486 
.2 



.20972 
6.00000 



5.79028=0.7626996 

3.8}=0.5224442 

1.0486=0 0206099 

0103049 

60=1.7781513 



1242.2-3=3.0942099 
15.695=1.1957613 
62.336=1.7947389 

33000 (a c) =5 4814861 

1.5661962 
27.13=1.4334498 



Ratio of useful efiect .7366=1.8672536 

To work out the foregoing without the use of logarithms, applying all of the 
corrections as was then done, would cover many pages of this work. A hund- 
red different weights and speeds were likely to be tried in testing any wheel, 
each change requiring the same tedious process, so that days, perhaps weeks, 
were required to ascertain the value of a wheel. It was customary with some 
engineers to work out a few tests, then to " plot" the remainder on " dia^fram 
paper ;" but this was found to be unreliable in working out my weir tables, and of 
course, was equally so in working out tests. With reliable apparatus for testing 
a wheel, but few corrections are necessary, and only three persons are required 
in making tests. One having the whole in charge, and who takes weight, revo« 
lutions of wh.el, and the head and weir gauges, assisted by a ** timer, and one 
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who controls the speed of the wheeL A testing flame is filled and emptied so 
often that it will leak more or less, and this leakage is into measuring pit, so that 
after a wheel is set ready to test, its ^atc is closed and sprinkled with sawdust to 
prevent leakage, that would affect results of trial; then the flume is tilled with 
water, and the leakage of the flume taken at the weir. Suppose the len^h of 
weir to be six feet, and depth of leakage to be .183 of a foot ; opposite to this in 
weir table and column for 6 ft. weir will be found 93.28 cubic feet per minute, and 
this quantity is to be taken from every test made of that particular wheel, sup- 
posing: the water not to be drawn from the flume during the test; if it is, then 
the leakasre must be taken as before. To illustrate, a test as now taken is here 
given. The point of attachment of brake to scale beam is ten feet, and each rev- 
olution must be multiplied by ten to get correct speed. Look in weir table below 
for cubic feet discharged. Test of an IS.inch Wetmore wheel, September 30, 
1876: 

Head. Weight. Rev. per min. Weir. 

No. 7. 18.80 162.5 305 .650 

Quantity as per table 624.62—93.28=521.34 cubic feet per minute. 

621.34X18.80X62.33 

33000 =17.91 H. P. of water. 

305 X IPX 162 j 

33000 

15.02 

=.8114 Ratio of useftil effect. 




Formula for Tabling Wheels, 



<>=qnantity discharged per second at any head, h. 
V=velociry due head h. 

Q =quantity with any head 

V =velocily due head 
R==relative velocity. 
D=diameter of wheel. 

The Q having been determined for any given head, to find it for any 

other head q'=QXv' 

V 
The horse power having been determined for any given head, to find it for any 

other head H.P. X V'k' 

VXH 

The revolutions having been found for any given head, to find them for any 

other head .^ C/.?,^ X 60=number of revolutic ns per minute. 
DX""1*1" 

R=relative velocity, deteitnined by experiment. 

Having the outlet of one whe«l of a certain pattern measured and its power 
determined, the power of another of similar pattern is approximately obtained 
by comparing the outlet with the one experimented upon. 



Steam and Pressure Gaugres. 



Is it a matter of importance that such instruments should indicate correctlr* 
and if so, do those using them take pains to verify their accuracy? Recently 
while testing the tiirbine» used at the water works of St. Jobusbury, Vt., it camo 
in my way, also, to test the accuracy of the pressure gauges usi d there ; these 
were made by the Utica Steam Gauge Co , Utica, N. i. The t( st was made by 
getting the exact area of the wuf^te valve, usinsr a knife-rdsred pivoted beaia 
resting on a knife-edgf d top of valve piston then witli sealed weights the press- 
ure in pipe was accurately ascertained, and to be 11 per cent, less than that 
shown by the pressure gauge. 
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Engrineers. 

Of the hundreds of young men who yearly graduate as engineers from our 
educational institutions how few of them are ever likely to reflect credit upon 
the name, simply because nature never intended them for the business. Genius 
or ingenuity was undoubtedly the oiigin of the word engineer, and geniuses are 
not the product of education, but of birih. No cultivation will ever make a real 
engineer or mechanic, though it may make human machines ; neither is the fact 
that a person has a mechanical aptitude for mathematics any proof of his fitness 
for the engineering profession, ** Babbage's calculating machine had that." An 
engineer should have ingenuity, sound judgment, and decision of charncterfor 
cmcrgcncit s ; without sut h characteristics i^o one will ever make a permanent rep- 
utation as an engineer. The calling has gained the most of its renown from those 
-who made no pretensions to be considered engineers ; for instance, take those noted 
in connection wiih steam. Watt was an insirument vender; Fulton an artist, 
then an inventor ; Stevenson a stoker ; Sickles a michinist ; Corliss a dry goods 
clerk. In hydraulics, fioyden was a tanner ; Tyler a millwripht ; Swain a pattern 
maker; Leffel a machinist; Temple a millwright ; Houston a miller ; Risdon a 
machinist; McCormick, cabinet mnker and singing master. Of our many eugi« 
neers we doubtless have those, who, if favored with opportunities would become 
noted, but the terrible disasters of the past few years would hardly indicate that 
the best have always been employed in the most responsible positions. The fol- 
lowing extract from a daily paper deserves serious consideration. 

•' OVEK-EDUCATION. 

Like over-production, our caption is in some senses a misnomer, for no ore 
can be over-educated in the true development of his best faculties for worthy 
ends. But there is a great deal of school and college education that is aimless, 
disproportionate and cumbersome. There are too many mediocre proft ssional 
men, lawyers, doctors, ministera, school teachers, writers ; few skilled artisans, 
farmers, gardeners, intelligent laborers technically educated for various spheres 
that are fundamental to well-ordered society. Society is top-hea> y, with too 
much top and too little bottom. There is too much hi^h-school dabbling 
that is not thorough enough for mrntal gymnastics, nor practicul enough for the 
uti itarian necr ssities of those who must graduate into the hard woik of the com- 
mon and laborious pursuits which ballast society. The great law will assert 
itself, and all true education must lay its account with it, that by the sweat of the 
brow we must eat our bread. Thar, is not good American educa'ion which would 
spoil a farmer's boy for the old homestead, or the farmer's girl for housekeeping. 
COiere is too large a crowd of unfit female school teachers. There are too many 
useless, third-rate lawyers hankering after ofiice; too many goodish ministers, 
unskilled doctors, ignorant apothecaries and engineers. Hence there are multi- 
tudes of our boys and girls who are over-educHted, in the sense that they are 
unfitted by an aimless and m'^rely bookish education for any patient ard < arnest 
life-work which will utilize them as producers, and develop their individuality 
into the manly or womanly consummation of a staunch characti r and a robust 
and useful life.'* 

Our admiration and love for the Deity arises solely through our admiration for 
his wonderful Works. The real mechanic of all human beings is his nearest rep- 
resentative. Why any one can consider any other calling more honorable or 
desirable is beyond my comprehension. 



Propelling Screws. 

Is there no better plan than the one so common with goyemment engineers of 
placing the screws in a ship, then lasliing the ship to a wharf, fire up and run the 
engines day after day, to ascertain how fast the screws can be driven, and how 
fast the ship ought to run, if all the decimals can be depended upon ; would it 
be better, cheaper and far more decisive to take a screw, place it in a frame rep- 
resenting the stern of a ship, but with freedom to move forwsrd ; from the after 
end of the screw have a weight attached, so that if the screw move forward it 
would have to raise a known weieht, then by belt or other means, using a dyna- 
mometer in transmission, drive the screw to any speed desired ; by such means 
accuracy could be attained, and the most perfect screw for the purpose could bo 
found at comparatively small expense. The propeller screw partakes too much 
of the turbine nature to allow of its lines being positively determined by mathe- 
matical calculations ; at least, the best form might be ascertained with perfect 
accuracy in the manner suggested above. 
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Gearingr Turbines by Tables. 



The practice of gearing turbines from tables prepared by gaess, has been pro- 
ductiye of much loss of power. In lesiing wheels ic is a rare thing to find two 
of the same size and make, that do their best at the same speed; the best speed 
of the Leffel wheels is invariably wi Je from their tabiea rate. At Bridgton, 
Maine, Pondicherry mill, a 54.iuch Leffel wheel has been in use for ten ^ears, 
working under twelve feet head and running at ninety revolutions per minute ; 
the mill has six sets of woolen machinery, but from lack of power only five »ets 
have been used. By test a short time since it was found that by running the 
wheel at seventy-eight revolutions instead of ninety, it would give twelve h. p. 
more than it ever had done ; so that for ten years it had been running at four- 
filths of its capacity, and at a time when itA greatest capacity was much needed. 



Testingr Curbs. 



The fact is well established now that the chutes of a turbine have as much 
to do with giving high results as does the wheel itself; also, that each part of the 
complete turbine has relation to all of the other parts, so that a change of one 
piece may have a serious effect upon the whole. Builders have prepared several 
turbines with interchangeable paits in order to te$>t understandingly ; but it 
would seem better to make a testing curb with changeable chutes, so constructed 
ttiat their number or direction might readily be changed, and their capacity of 
discharflre increased or diminished. With such a curb it should be possible to 
determine the merits of auy wheel that could be tested therein. 



Y Shaped Belts, Cable Transmission, etc. 



Some time since there was a mania for driving machinery with belts of the 
above named shape, but experience soon cured the desire. Transmission by 
wire cable is another matter that should be well considered before adoption ; it 
will answer the put-pose in places where shafting can not be used, but it is a very 
poor substitute at the best. Light shafting is still another subject for considera- 
tion ; if used, the pulleys should be placed close to the hangers, for if placed any 
distance therefrom, the shaftinsr will spring, and require a much tighter belt, 
which soon gets the shafl out of line. There is a proper limit either way. 



The Metrio System. 



And why the metric instead of that so generally in use wherever the English 
langauge is spoken? Does the practical mechanic or engineer desire such 
change, or do the comparatively few who use that system surpass us in mechan- 
ism or (feneral intelligence? Taking the foot as the unit, divide it into tenths, 
hundredths, etc., and the most periect measurements possible may readily be 
made a id expressed thereby. Then why change for new terms, when our lan- 
gauge is now so unwieldly and overburdened with useless words and synunyms, 
that it would be a1i>le8sing if one-half of its words could be obliteratea, and the 
other half simplified iu spelling. Simplicity should be the aim, that all may- 
comprehend; change has not always been improvement. It would be well if 
the engineers and professors, wh • are so much better known through their pre- 
tensions than achievements, could be made to understand that muddiuess does 
not always denote depth. A change to the metric system would cause immense 
confusion in our standards, boundaries and records, without bringing a shadow 
of be aefit in return. Our lansrutige now is almost the universal language dreamed 
of. and It seems idiotic to change for that of a people occupying less of the 
earth's surface than is covered by some of our states. 



43 
Professional Experts. 



If those acting as aboye could see themselycs as those thoroughly acquainted 
with thu 8 object in hand see them, it would have a tendency to lower their preten- 
sions. Could the arts be pat back to what from our standpoint they seem to have 
been 3,000 years ago, one of our best mechanics might prepare himself to act as 
generai expert witnout seeming presumptions, but to pretend to be able to do so 
now, when the mere word mechanic covers a thousand occupatiunn, each having 
numerous variations, renders the pretense ridiculous. Yet we have such, and 
tliose who have great influence in court, particularly in patent suits. The tur- 
bine h IS been studied for more than a half century by the best mechanics, and 
the matter is ><ot sufficiently understood to fairly allow of its being considered a 
science ; yet th i professional expert will look the matti'r up in a day, then go 
into court and testify to points of which it is simply impossible that he can know 
anything about. No one man can be au expert m all kinds <f business, life is 
too short. The most intelli>;ent and skillful teleb^raph operator must be the best 
expert in a telegraphing case, so of the shoemaker, the blacksmith, the miller, 
merchant, turbine builder, or engineer. In either of these callinjrs an appren- 
ticeship of years is required to render a pers'n proficient; then is it reasonable 
to suppose that the professional expert can master any of thorn in a few hours' 
study? We would not go to a shoemaker to inquire about a turbine, or 
the turbins builder to learn about telegraphing. If the matter is simple 
and plain, an expert is unnecess iry ; if difficult to l>e understood, then certainly 
one skilled in the matter is the b st qualified to make it plain. In cases where 
litigation i^ contemplated an expert well versed in the m%tier should be employed 
first, then if he understands his business, in three cases out of four, he will cause 
the matter to be settled, often advantageously to both parties interested; if he 
can not cause it to b ; settled, he can prepare it f jr the lawyer, so that it may be 
legally determined expeditiously and at the least expense. To < mploy the law- 
yer first IS like trying to learn a child to read without learning it the letters ; that, 
however, would be no more absurd than to suppose that any one man can be 
profideut in all kinds of business. 



Belt Transmission. 



Of all guess work there is none more unreliable than that of computing the 
power transmitted by the width of belt. First, the kind, quality and condition 
of the belt is to be considered; then the size, distance and positioi of pulley, 
whether their surfaces are wood, metal, or covered with leather; whether one is 
much larger than the other and whether the belt is running vertically, horizon- 
tally, open or crossed, or what is worse, is running edxe up, on pulleys on vertical 
shifts, and whether it is tight or loose, whether it is made of leather or other 
material; also, whether it is single or doubL>, In testing with lever dynamome- 
ter the speed of belt is determined. A sinsrie leath-r belt under o dinary 
conditions running 1000 feet per minute will transmit a h. p. for each inch of 
width, but the matter is one of the greatest uncertainty. 



Slip of Belt. 



The speed of machinery is computed from size of pulleys or gears in connec- 
tion with the driving shaft; in such computations the slip of belt is seldom or 
never taken into consideration, yet that slip is an important item. In testing 
the power of a steam-engine, the counter of my dynamometer showed such a 
difference from, the engineer's estimate, that the matter was thoroughly investi- 
gated. The driving pulley on the engine was 12 feet in diameter, that on the 
main line of shifiiuf? 6 feet; running light or simply driving shafting, the fly 
wheel making 75 revolutions the main line mide 150, but with wei^^ht applied to 
scale beam of brake, the belt began to slip, the slip increasing with each weight 
added ; at the maximum power of engine, the main line made 144 revolutions 
while the fly wheel made 75. Belt and pulleys were in perfect condition. 



44 

Water Wheels. 



In treating of w)iter«power, means for its utilization is an important feature to 
be consiil red. As a motor, running or falling water was used back in the earli- 
est ages of which we have authentic history ; and the various devices employed 
for tmnsmitting its power were hardly more crude than many that are patented 
for the same purpose at the present time. Volumes would be required to illus- 
tr.ite and describe the multitudinous plans th:it have been devised, but a ver^ few 
pages would suffice for describiog the principles of all. Our country is lavishly 
supplied with this natural motive power; and as miuht be expected from a race 
so cnerfi^ecic, many devices have been produced tor utiliziue it advantageously. 
I have before me the copy of a patent a^ranted to Benjamin Tyler, grandfather of 
John Tyler, of the well known Tyler ^vneel, which reads as follows : 

By the President, THO. JEFFERSON. 
JAMES MADISON, Secretary of State. 

CUg 0/ Wakhington— To wit : 

I DO HBKBBY CBRTIFT.that the fore^inf Letten Patent, wer* delivered to me oa the twelfth 
day of March in the year of our Lord, one thoueand eight hundrad and fbur to be examined ; that I 
have examined the same and And them conformable to law, and I do hereby return the same to the 
Secretary of State, within fifteen days from the date aforetiald, to wit :— on this nineteenth day of 
If arch in the year aforesaid. 

LBVI LINCOLN, A'tty-Oen. of the United Statee. 

The Sohbdulv referred to in these Letters Patent and making a part of the 
same, containing a description in the words of the said Benjamin Tyler himself, 
of the Wry b'ly, which may be applied by wind or water to various machines, 
viz. : Grist mills, Hulling mills, Spinning mills. Falling mills. Paper mills, and to 
the use of Furnaces, etc. 

The Wry Fly is a wheel which, built npon the lower end of a perpendicular 
shaft in a circular form, resembling that of a tab. It is made fast by the inser- 
tion of two or more short cones, which, passing through the shaft, extends to 
the outer side of ihe wheel. The outside of the wheel is made of plank, jointed 
and fitted to each other, dowelled at top and bottom, and hooped by three bands 
of iron, so as to make it water-tiffht; the top must be about one-fifth part lar^rer 
than the bottom in order to drive the hoops, but this propot tion may be varied, 
or even i eversed, accordino^ to the situation of place, proportion of the wheel, 
and quantity of water. The buckets are made of winding timber, and placed 
inside of the wheel, made fast bv strong wooden pin» drove in an oblique direc> 
tion ; they are fitted to the iosiae of the tub, or wheel, in such a manner as to 
form an acute angle from the wheel, the inner edge of the bucket inclining 
towards the water which is poured upon the top, or upper end of it, about 
twelve and a half degrees; instead of their standing perpendicular with the 
shaft oi the wheel they are placed in the form of a screw, the lower ends inclining 
towards the water, and against the coarse of the stream, after the rate of forty- 
five degrees ; this, however, may be likewise varied, according to the circum- 
stances of the place, quantity of water, and size uf the wheel ; over this wbecL'» 
and exactly fitted to the top of it, is a cup, or short cylinder, made fast anl| 
immovable by timbers connected with other parts of the building. Said Wry II7 
may be used with or without said cylinder. 

BENJAMIN TYLER. 



Bamubl Hitchcock, i »^««<»««»- 



From the description of the Wry Fly it will be seen that except the chutes, it 
contained the principal f-aturrs of the modern turbine, the merits of which are 
due to many minds; while still greater skill is required to bring it to that state of 
perfection it is undoubtedly destined to attain. The increasin:; importance of 
the manufacturing interest necessitated the improvement of devices for utilizing 
to the i;reatest possible extent the water-power of the country. An article sug. 
gested by the chansre of wheels at Lowell, Mass., is here quoted from the Courier 
of that city publiiiihed in 1871. 

"The removal of the last in the city (except one at the machine shop and two or 
three on the Concord Kiver; of the old-fashioned and unwieldly ■* breast-wheels '* 
suggests to us that a chapter of information on the hydraulic motors now in use 
here, and the history of their improvement and adoption, may prove of interest 



Devices of the Fast. 
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to all the readers of the Cowrier who take a just pride in whatever aidi Lowell 
to substantiate her claim to the title of "the first manufacturing city in Amer- 
ica.'* And first, let us glance at the old style of wheels, of which those now 
being removed from the mills of the Lawrence and Prescott companies are fair 
examples. Thesi*, generally known as " breast-wheels," are dependent for their 
useful effect simply upon the weight of the water, admitted to the buckets near 
the top, and retained as long as possiblt*, or unlil nearly at the bottom of the 
wheel, where its force is spent and it is discharged. These wheels have in 
Lowell been constructed of woud, and oi great size, varying in diameter from 13 
to 30 feet, and usually about 12 feet lon^?. Wheels of this class are still in use to 
a great extent, and in rare instances reach the enormous size of 70 feet in diame- 
ter. From tlie starting of the first mill (Merrimack) in 182:3, up to the year 1845, 
when the number of spindles was about one-half that present running, the breast- 
wheels alone were in use, and were considered the most perfect in all respects 
of the kinds generally known. But although held in such high estimation, they 
were Tery extravaorant in the use of water; for althougli the proportion of the 
useful enect given by the wheel to the power expended sometimes reached as 
high as 75 per cent., the average performance fell far below this point, being only 
about 60 per cent. And the importance of overcoming this radical defect becom- 
ing more and more obvious, improvements were gradually devised which 
resulted finally in the invention of a class of wheels known as turbines. 

The word turbine is derived from the Latin turbo^ which means among other 
things, a top ; and also, the whirlin*; or spinning motion of a top. Tlie name, 
though sometimes given a wider range of meaning, is properly applied to a 
re-action wheel with vertical axis. The wheel itself is a French invention, dat- 
ing back to 1830, or thereabouts; and it was introduced iuto this country several 
years later by an eminent engineer of Pennsylvania, Mr. Ellwood Morris, who 
buiU and put in operation two of these wheels, and published the results of his 
experiments upon them about the year 1843. The advantages of the turbine 
were found to be mainly theiie ; a greater economy in the use of water ; adapta- 
tion to any fall; greater velocity, compactness and durability, and that it was 
not obstructed by backwater. Since Mr. Morris' experiments there have 
appeared before the public almost innumerable varieties of turbines, each inven- 
tor claiming for his wheel some advantage over all its predecessors; and up to 
the present time several hundred patents nave been granted in this country alone 
for modifications and alleged improvements of the turbine as first invented. 
Many of these wheels are. quite popular, and are in use in small establishments 
all over the country; but being roughly ai.d cheaply made, none of them have 
yet been found to compare with the original Foumeyron turbine as improved by 
the inventions of Uriah A. Boyden, whose name is familiar to every one who is 
at all acquainted with the history of our city. 

In 1844 Mr. Boyden designed a 75 horse-power tui bine for the Appleton Com- 
pany's Picker>housc, introducing, as has been said, several changes of his own 
aevi«-ing. This wheel was tested immediately after its completion, and found to 
give a useful effect of 78 per cent, of the puwer of the water. Encouraged by 
this success. Mr. Boyden proc eded in 1846 with the construction, for the same 
company, of three more turbines of 190 horse-power each, which upon being 
similarly tested gave the remarkable result of a useful effect of 88 per cent. In 
experiments since that time results have been obtained as high as 92 pcrx:ent. ; 
but it is considered that a fair average for these wheels is about 75 per cent, 
aarainst 60 for the breast-wheels as above stated. From the date of the Apple- 
ton Company's adoption of turbines, they have come rapidly into use; being 
substituted for the clumsy affairs first used as fast as the latter became unser- 
viceable from wear and decay. 

One of the advantages of the turbine, as already stated, lies in the fact of its 
occupying so much less space, in proportion to the power, than any other wheels. 
And this will be more fully realized when it is considered that there are in actual 
use for manufacturing purposes turbines of only 6 inches diameter,- and though 
these, it must be owned, are rare, those of 10 and 12 inches are not unfrequcntly 
met with ; usually operating, however, in localities where the amount of water 
is limited, while tne fall is considerable. Of the 70 powerful turbines in use in 
the mills of Lowell, the smallest has a dii meter of 5*, and the largest of 11 feet, 
and the capacity of a single wheel reaches, in several cases, 675 horse power. 

*Atthe time the forrgoltifr was written there were many turbine* in uae at Lowell of Iau diameter 
than 5 feet, though pertiapn none of the Foumeyron style ; kince tliat time the large com|>aniea there 
have talcen the Swain turbine in preference. The following article grivea the origin of the Foumey- 
ron wheel, and will enable the reader to consider Mr. Boyden's claim as inventor, nndentandinyly. 
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The wholo Dower oriven by the fall of the Merrimack at Lowell, of 38 feet, is 
estimated at about lO.OUU norse-power, the entire amount of which is already 
leased to the corporations. In addition to this, there are in the mills 31 steam- 
engines, furnishing 5000 horse-power additional ; and besides toese sources taere 
are the three falls of Concord Biver, the power of which we hare no means of 
estimating. 



*Fourneyron Wheel. 



[JS±tr<Mct frwn a TreaHte on the power of water, by Joseph Olynn,'\ 

M. Foomeyron, who be>ran his experiments in 1823, erected his first tnrbine in 
1827, at Pout sur rOg[non, in France. The result far exceeded his expectations, 
but he had much prejudice to contend with, and it was not until 1834 that he con- 
structed another, in f^raiiche Comte at the iron-works of M. Carun, to blow a 
furnace. It was of 7 or 8 horse-power, and worked at times with a fall of only 
9 inches. Its performance was so sutislactory that the same proprietor had after- 
wards another of 60 hoi-se-power erected; to replace 2 water-wheels, wluch 
together, were equal to 30 horse- power. 

The fall of water was 4 feet 3 inches, and the useful effect, varied with the 
head and the immersion of the turbine, 65 to 8j per cent. 

Several others were now erected : 2 for falls of 7 feet; 1 at Inval, near Gisors, 
for a fall of 6 feet 6 inches, the power being nearly 40.horse, ou the river Ept^, 
expending 35 cubic feet of water per second, the useful effect being 71 per cent, 
of the force employed. 

One with a fall of 63 feet gave 75 per cent. ; and when it had the full head or 
column for which it was constructed— namely, 79 feet— its useful effect is sidd tO' 
have reached 87 per cent, of the power expended. 

Another, with 126 feet, gave 81 per cent . ; and I with 144 feet fall, gave 80 per 
cent. 

At the instance of M. Arago, a commission of inquiry was instituted by the 
Grovemmcnt of France, for examining the turbine of luval, near Paris, the totid 
fall of water being 6 feet 6 inches, as has been before mentioned. B^ putting a 
dam in the river, below the turbine, so as to raise the tail water, and diminish the 
head to 3 feet 9 inches, the effect was still equal to 70 per cent. ; with the head 
diminished to 2 feet, the effect was 64 per cent. ', aud when the head was reduced 
to 10 inches, it gave 58 per cent, of the power expended, notwithstanding the 
great immersion of the machine. 

In the year 1837, M. Foumevron ereqted a turbine at St. Blasier (St. Blai«e,) 
in the Black Forest of Baden, lor a fall or column of water of 72 feet (22 mitres). 
The wheel is made of casc-iron, with wrought-iron buckets ; it is about 20 inches 
in diameti-r, and weighs about 105 pounds ; it is said to be equal to 56 horse- 
power, and to give an useful effect equal to 70 or 75 per cent, of the water power 
employed. It drives a spinning-mill belonging to M. d'£ichtal. A secund tur- 
bine, at the same establishment, is woikedl>y a column of water of 108 mlbtres, 
or 354 feet high, which is brought into the machine by cast-iron pipes of 18 
inches diameter of the local measure, or about 16 X inches English. The diame- 
ter of the water-wheel is 14^ , or about 13 inches English, and it is said to expend 
a cubic foot of water per second; probably the expenditure may be somewhat 
more than this. 

The width of the water-wheel across the pier is .225, or less than a quarter of 
in inch. It makes from 2*200 to 2300 revolutions per minute ; and on the end of 

*The Foomejrron wheel receives the water ttom the inside, discharging it outwards. The gate, a 
thin hoop somewtiat deeper titan the wheel, is placed between the chutes and wheel, and is opened 
by being raised With such an arrangement, economical part gate results are impossible ; and M. 
Foumeyron and many others have made the wheel with divisions in the buckets as shown in the 
MacAdam plan. The *' quarter turn " of the Holyoke Machine Co. is the invention of Mr. Boyden. 
MacAdam places the wheel at the small end of a vertical cone-shaped tube, Valentine and other* 
have placed it in scroll and various kinds of curbs. It has been connrueted so as to receive the 
water fh>m below by many.parties. It has been made with register gate inside of chutes, between 
chutes and wlieel, and in one case in my experience, with two register gales, one inside of chutes, the 
other outside of wlieel. It lias been made with short straight chutes, also long curved ones. It has 
been suspended by the upper end of its shaft in various ways, instead of resting upon a step It 
has been made of iron in the coarsest and cheapest sty^le, and of bronxe at an enormous oost. It haa 
proved as variable in useftU effect as any of the other Idnds of turbines. 
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the spindle •r upright shaft of the turbine is a bevelled pinion, of 19 teeth, work- 
in<; into two wheels, on the right and left , each of which has 300 teeth. These give 
motion to the machinery of the factory, and drive 8,000 water spindles, roving 
frames, cardins: engines, cleansers and other accessories. The useful effect is 
reported to be from }»0 to 85 per cent, of the theoretical water-power. The water 
as filtered at the reservoir before it enters the conduit pipes; and it is important 
to notice this, since the apertures of discharge in the wheel are so small as to be 
easily obstructed or choked. 

The water enters the buckets in the direction of the tangent to the last element 
of the guide-curves, which is a tangent tu the first element of the curved buck- 
ets. The water ought to -press steadily against the curved buckets, entering 
them without shock or impulse, and quitting them without velocity, in order to 
obtain the greatest useful effect; o herwise a portion of the water's powermuBt 
be wasted or expended, without produdnt; useful effect oii the wheel. 

It is difficult to imagine that a machine so small as this can ^ive motion to the 
works of a cotton mill on so Lirge a scale. Professor Ruhimann sa>^, that when 
he saw it actually dome so, he could not for some time credit the evidence of his 
senses; and, afihough he went purposely to examine it, his astonishment 
prevented him from comprehendingi in the first instance, that the fact was really 
as it appeared. 



The Jonval Turbine 



[From J, JST. SteventotCt Circular ""l 

By referring to onr certificate on another pa^, it will be seen that it is impossi- 
ble to construct a turbine greatly to exceed in useful effect a *< Jonval," when 
properly constructed and well finished ; and by reference to the table of experi- 
ments here inserted* it will be noticed that the efficiency of the Jonval turoine 
depends not uiion the name ** Jonval," neither upon the simple fact that one 
wheel is placed above another — as from 6 Jonvals tested, but ons gave dO.TT per 
cent.) that being the one m*id€ byun; wherea<< one other give only 50.34 per 
ceut., the lowent of all t€9ted. And why this difference? Simply because one 
builder knew what he was doing, and the other did not. There are many partii-s, 
purportinsr to manufacture the Jonval tuibine, who state in their circulars that 
*' at a trial of turbine wheels, at Fairmount Water Works, at Philadelphia, in 
1859 and 1860, the Jonval wheel gave the highest percentage of idl tested;" 
and they would have the public believe that with their rough, nnfinished cast^ 
ings, guide and bucket curves, of whatever form they may happen to be, they 
give this wonderful result, when none of them possess more than one feature of 
the Jonval turbine; and these experiments show that a ** Jonval," made by a 
man of experience, and tested under the most favorable circumstances, gave the 
poorfHt rfnuit *»/ alft simply because he failed in the application of the principles 
embodied in its construction. 

The following is a table of the experiments at the Fairmount Water Works, at 
Philadelphia, in 1859 and 1860, as taken from the report of the Chief Engineer* 
The table explains itself. 



At • trial of wftter wheels, at Fairmount Works, hj order of the Select and Common Council of 
the City uf Philadelphia, a Jonval turbine, made by " J. K. Stevenson." of Paterson, New Jersey, 
was tesied March Utta, 19B0. nnd produced a co-eillcient of uiteftil effect of .8777 per cent, under the 
followlnfif drcumstance : 925 pounds were raised 25 feet by 70.25 cubic feet of water under a head 
and fit!! of .6 ff'et. To this muHt be added the friction of the transmitting maohinety, estimated at 
3 per cent., making a total usefttl effect of .9077 of the power employed. 

O. H. P. PASKBR, 

Chairman of the Water Com, 
(Skal of city.) 

HENRY P. M. BIHKINBINB, 

Chief Mngineer, 

In attestation of the above signatures of O. H. P. Parker and Henry P. M. Birkinbine, I set tar 
hand and alBx the seal of the City of Philadelphia, this, 3rd day of April, 1800. 

ALEXANDEB HENRT, 

Mayor of PhUadeljphia. 



Jonval Wheels, with Variations. 



BODINE JONVAl. 



BLACKSTONE. 



4t 



HOUSTON. CUHTIS. DB1.PH05. 



CASS. VANDBWATBR-BURNHAU. 
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Table of Bzperlments. 



NAME OF WHEEL. 



Stevenson's 2nd wheel.-. . . . . 

Geyeliu's 2nd wheel 

Andrews & Kalbach's Srd 

wheel •••••••••••••••••« 

Collins' 2ad wheel 

Andrews & Kalbach's 2nd 

wheel 

Smi'h's Parker's 4th trial... . 
Smith's Parker's Srd trial . . . 

Stevenson's Ist wheel 

Blake 

l^yler 

Geyelin's Ist wheel 

Smith's Parker's 2nd wheel.. 

Merchant's Goodwin 

Mason's Smith 

Andrew's 1st wheel 

meh 

Littlepage. '. 

Monroe 

Collins' 1st wheel 



Kind of 
Wheel. 



Jnnval . . 
JonvaK. 

Spiral. . . 
Jonval. . 

Spiral... 
Spiral. . . 
Spiral. . . 
Jonval<. . 
Scroll. . . 
Scroll. . . 
JonvaK. 
Spiral... 
Scroll. 
Scroll... 
Spiral. . . 
ScroU . . 
Spiral. . . 
ScroU... 
Jonval... 





3 per ct. 


Per cent. 


added 


of effect. 


for 




friction. 


.8777 


.9077 


.8210 


.8610 


.8197 


.8497 


.7672 


.7972 


.7591 


.7891 


.7509 


.7869- 


.7467 


.7767 


.7335 


7635 


.7169 


.7469 


.7123 


.7423 


.6799 


.7099 


.6726 


.7026 


.6412 


.6712 


.6324 


.6624 


.6205 


.6505 


.6132 


.6432 


.5415 


.5715 


.5359 


.56.59 


.4734 


.5034 



Where Built. 



Paterson, N. J. 
Philadelphia, Pa. 

Bemville, Pa. 
Troy, N. Y. 

Bernville, Fa. 
Reading, Pa. 
Reading. Pa. 
Paterson, N. J. 
East Pepperell, Mass. 
West Lebanon, N. Ht 
Philadelphia, Pa. 
Readitig, Pa. 
Guilford, N. Y. 
Buffalo, N. Y. 
Bernville, Pa. 
Salmon Biver, N. Y. 
Austin, Texas. 
Worcester, Mass. 
Troy. N.Y. 



Turbine builders may object to my classification of the various wheels repre- 
sented upon the opposite page ; but because M. Jonval define d certain lines for a 
turbine, he no more proved that those lines covered the principle than he would 
have proved that the oi ly place to walk upon a street is exactly three feet from 
its centre on a line parallel therewith, had he defined such a line. Tlie wheel 
itself was common and known as the Tub wheel. Two wheels maile upon 
the Wry-Fly specification, placed one above the other, would have covered the 
plan of M. Jonval; placing a fixed wheel above the whed proper would 
have litile originality unless done before any oth( r builder had made an applica- 
tion cf chutes to turbines. The experiments of D. P. Blackstone, show plainly 
that the vertical part of the buckets of the Yandcwater-Bumham wheel, repre- 
sented with the others, is of little practical utility ; indeed, the vertical part of 
such buckets have often been proved to be decidedly injurious. Wheels con- 
structed in that way, however, render it more convenient to apply ihe water 
econonucally at part gate. Many plans for gates have been tried with the 
Jonval, but none that has not in some way proved objectionable. Many have 
been made without any gate, simply letting the water on from the head gate of 
flume. Geyelin of Philadelphia has a telescopic tube below the wheel, the bot- 
tom thereof being lowered to the apron beneath, in order to stop the water. 
Wicket gates have also been tried in a tube below the wheel, but both plans 
cause an extravagant use of water, unless the wheel runs at whole gate. '* Out- 
side register gates " are the most common ; these also render it impossible to 
economize water at part gate. The inside register, like that of Gates Curtis is 
far better in that way, but like the oth' r register gates it works hard. Down- 
ward discharge wheels were objected to because they were supposed to press 
heavily upon the step ; such an idea could only have gained a place through 
very superHcial reasoning, for if 75 or 80 per cent, of the weight of the water 
forced the wheel ahead, the balance of the weight could only press down upon 
the step, whether downward, centi'al or outward discharge. 



Perpetual Motion. 

For igea put the above id» bu been the conatut 






Little Qiant. 
Caorge H. Jonaa, Auburn, N. Y, 



"Onr whi-*l dischargfs i.i water Inward, downward and outward, and dik 
clur^B as much inward as ■ ly central dtichargo wheel of same diameler: as 

There is not the si irttes treason lo donbl llie abiJilv of sach devices to discliarge 
■n abundance of water, but yenn of eiperienc. and dcmoDSIrallani b; deciaiTa 

elecliTe Iban simple ainelc turbines. Tirioua ki]ids have been tested and inra. 
rlablr wlih the aame reiullx : Ibe sinr-le wlieel hu proved tbe best in ever; wav. 
The Lcffel turbine has been continued In its orifiiial form bimplj becaufe all ifie 
claitos bjnifo npon the use of the double wheel, atid to ^vo up ttiat would bivali* 
date tbe whole patent. 



Double Wheels. 



ntcloil bj gmra suae u Wjn. 
koop ; »ma]l gci.r on rim of the 




The plui eon^la dmpl; of plul 



[ seTCral Jonnl wheeh tn > tube, o 



h loiMing In oppmito direci 
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wVclrgmovcd. 
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by gears. 
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Ij, id. ^WlTIsriCOOIP'S 

Double Power Water Wheel 

Patented January 30, 1866. 
•#• 

In this improvement we have a device for combining wheels driven by the 
force of running water, and also by the weight of the fmid, both acting in the 
same direction, and the latter using the water which has already given power 
to the former. 

Fig. 1 shows the external appearance of the case of the wheel, and Fig. 2 
. the two motors witli tlieir gearing. The stream is received at A, Fig. 1, and, 
by the spiral form of the case, is forced to receive a rotary motion as in the 
common Turbine. This water acts directly on the buckets, B, Fi^. 2, which 
radiate from tlie center. They are connected to a hollow shaft, which can-ies 
the lar^e bevel gear, G, jgearing into the pinion, D, on the horizontal shaft. 

Passing through tlie inside of this main shaft is the shaft, £, to which the 
scroll wheel, F, is secured at tlie bottom, and a bevel gear, smaller than C, at 
the top. This gear meshes with the pinion, G, on the horizontal shaft. After 
the water, by its rotaiy force, has done its work on B, it falls and operates F, 

giving it twice the speed of B. By this combination we claim that this device 
as twice the power of an ordinary wheel with the same weight and force of 
water. It has been tested by practical men with even greater results, lliere 
is now one of these wheels in successful operation in the machine, shop of 
Messrs. Clapp & Ha.mblin's, of tliis City, who have the exclusive right 
for the manufacture of the same in this State, and the public are invited to 
call and test it foj* themselves. The proprietors, L. D. Wynkoop and S. P. 
Stone, are now prepared to negotiate with any responsible parties for the 
right to manufacture the same in any State of the Union. In offering this to 
the public, we are aware that the cry of humbug will be made, but we guaran- 
tee all we claim for it, and we wish no one to engage in it until he is satisfied 
that what we claim is true. Any inquiries adi&essed to the proprietors, at 
Owosso, Mich., will be promptly attended to. 

L. D. WYNKOOP. 
S. P. STONE. 

"We the undersigned have seen the Wynkoop Wheel in operation and be- 
lieve it to be all the inventor claims for it. 

J. B. BARNES, Mayor, JAMES W. STEDMAN, 

A. BARTLKTT, City Marshal, P. M. ROWELL, 

E. D. GREGORY, J. H. CHAMPION, 

C. W. CLAPP & CO., EDWARD SMITH, Machinist. 

D. R. STONE, A. J. PATTERSON, 
N. McBAlN, C. A. BALDWIN, 
GREEN & LEE, Editors "Press," E. SALSBURY, 
DANIEL LYON, H. S. GALUSHE, 
WILLIAM FLETCHER, C. OSBURN. 



• • • 



CERTIFICATE : 

__ From the experiments performed with the Wynkoop Wheel in the 
Foundry of Messrs. Clapp & Hamblin of this city, I findit to utilize more than 
175 per cent, of the absolute weight of water used; probably nearer 200. 
This I regard as no violation of the principle laid doMm in our natural philos- 
ophy, viz: that no wheel can be invented which will utilize 100 per cent., as 
the wheel in question is not a single one, but such a combination of wheels, 
as can not fail to give a vast increase of power. 

I. C. COCHRAN. Principal of Owosso Union School. 

HENRY GOULD, Millwright, Owosso City. 
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The Economy Water Wheel. 



We offer a chsl'enge of |1000 to 1 
doec n Turbine WMer VherX of same r 
BBme fall that wUl famluli oue-b&ir as i 
■heel. 



Fulton, Myers & Co., 

SOLK ■tXDFimiBIIS, 

Indianapolis, Ind. 
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Effioiency of Turbines. 



In reporting the efficiency of the many water wheels brought to be tested dur- 
ing the past ten ycan>, it has been a very difficult matter to suit all that have 
been interested, yet no builder has ever expressed a d< ubt that any other buildrr 
has ever received a less favorable report than he d( S( rved ; but in their own par- 
ticularca«e something a little more favorable should have been raid, or some- 
thing unfavorable left unsaid. Thousands have asked my advice in turbine 
matters, and many hundreds, if not thouFands of turbines have b( en selected 
upon the advice given; yet not a single complaii:t has ever been made that the 
wheel recommended proved unworthy of the recommendation, nor in the trn 
years, has a wheel that I have reported poor, proved by practical use to be pood. 
Time will determine whether my opinions, statements and reports relative to 
turbine matters have been well founded, and to that decision I am willing to 
trust. 

In making up the following reports, my purpose has been more to aid builders 
in selecting the best plans than to sell wheels constructed upon any of those 
DOW existing; to do so, requires a knowledge of the lowest as well as of the 
highest results obtained by test of each, and such are given. 

The extreme variations in the results obtained from every kind tested* should 
convince purchasers that there is no certain way c f procuring a good turbine 
otherwise than by testing, before acceptance, as they would do if purchasing a 
horse. 

The wheel of B. J. Barber might properly have been placed in the group with 
the Wynkoop and others of that class— not that Mr. Barber believed in perpe*-- 
ual motion or 175 per cent, wheels ; but he believed that an unexpended force 
remained in the water discharged by any single turbine, and that that force 
could be utilized by adding a fiecond wheel below the first. His plan, howevc r, 
carried out as shown, simply produces the ordinary downward discharge wh( el. 
Mr. Barber erred in using the central discbarge at all for much better results are 
possible with the plitin downward discharge than can be obtained from the cen- 
tral, or his combination. 

The other wheels with double discharge, reported in the following pages, such 
as the Swdin, Leffel, Eclipse, Angell, Walsh and others, were so constructed, 
under the expectation of obtaining increased capacity for a given diameter, 
but a comparison with the capacity of recent plans will show that such expecta- 
tions were not well founded. 



. M. Swain, North Chelmsford, Maas. 



SWAIN TURBINE. 

Ooa of tb? earlior high cIub nheeltt. nude with many buckets und small c 
Ings, placed In ■' quarter turn" or ■■flump turb." Mr. 8wi^ bad mucb 1 
aboDt BtartLQg th ■ teHtLng pjbE^di. Quite a number of theso wh«ola, tan^ 
tizeteoin 13 tDl2incbea i a diameter bare bjfD tested. 
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JAMES LEFFEL & CO.. SPRINGFIELD. OHIO. 



1 heel X>14 Inchei In dlanieter, made of cut 

inm— except lower buckeU, which were of wrought iron— known as the Juaet 
LeSfel iMable Turbine, wM tent ta be tested. The flgurei ■howlng the enact 
results obtained by me. may be found below. During the lest the Hate beam 
waBstlachedtotbabrakeatapolut which, if revolving, would describe a cir- 
cle fltteen feet lu circumference, cnnnequently tlie revolutions of the wheel 
moat be mnltiplled by hfteea to obtain the correct speed. 

Length of Welr,Tfe«t; correction for Weir level,— .016; lemperatore of W»< 
ter, SB° Fob. ; wdght per cattle foot, 6i.Sn. See gener* TSport 



No. of Test. 


Head. 


Weight. 


Kev. 
M^te. 
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Power. 
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Cnblo P 
Feet Ce 
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■Whole Gate, 1 


.. 5,60 


BMI 


201 


27.41 


1.050 




660 






30 
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Waldo Whitney, Leominster, Mass. 



Wheel downward, Bnd cemrBi diBchargr, limllkr to llio Bwain, bnlwllh fcwet 
buckrls. iQilde register gitr. ibe cbuies rail outer rim, li, beinif stationary ; 

mv report of trie test Bt tb? top aC nrit psge. Mr Wbitnej seDl tbree other 
wbeels for terification. ih»i he liid sold wiih guBrantee ihut they should be sa 
good aa the one repotted, aad be nndoubledl; beliered tbem to be lo until 



Fbitwl 



reported, teited Januar; 10, 1S73. 
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WALDO WHITNEY, LEOMINSTER, MASS. 



No. of Test. 


Head. 


Weight. 


Rev. 

per 

Minute. 


Horse 
Power. 


Weir. 


Cubic 
Feet. 


Per 
Cent. 


Whole Gate, 1... 


18.48 


400 


195 


36.46 


.766 


1283.41 


.791 


« 2... 


1'<.48 


410 


192 


85.78 


.768 


1291.09 


.793 


" 8... 


18.47 


420 


188.6 


86.99 


.771 


1-98.77 


.794 


« 4... 


18.46 


480 


186 


36.36 


,775 


1309.08 


.796 


** 6... 


18.46 


440 


184 


36.80 


.777 


1311 61 


.804 


" 6... 


18.60 


460 


181 


37.00 


.779 


1316.77 


.808 


7... 


18.60 


460 


178 


37.21 


.781 


1321.93 


.806 


o« « • 


M.W 


470 


176.6 


37.48 


.784 


l.:82.23 


.806 


" 9... 


18.61 


480 


173 


87.74 


.786 


1337.39 


.807 


" 10... 


18.50 


490 


171 


38.09 


.790 


1847.76 


.806 


" 11... 


18.49 


600 


168 


88.18 


.792 


1352.96 


.807 


« 12... 


18.49 


620 


166 


88.48 


.793 


1365.76 


.812 


" 18... 


18.48 


168 


88.62 


.796 


1371.19 


.804 


" 14... 


18.47 


680 


162 


39.00 


.800 


1373.78 


.813 


" 16... 


18 48 


640 


169.6 


39.16 


.802 


1379.00 


.813 


" 16... 


18.46 


660 


166 


38.76 


.K04 


lH83i!2 


,008 


«• 17... 


18.46 


660 


149 


87.92 


.806 


1888.44 


.788 


Head Reduc«d. 
















\nioleOat6,19... 


12.67 


360 


1.31 


20.84 


.706 


1137.60 


.766 


" 20... 


12.63 


370 


128 


20.68 


.710 


1169.69 


.747 


" 21... 


12.61 


890 


116 


20.56 


.718 


1166.58 


.740 


" 22... 


12.62 


S60 


128 


20.94 


.709 


1157.22 


.750 


" 23... 


12.68 


340 


1.13 


20.56 


.702 


1189.94 


.765 


" 24. . . 


12 64 


380 


137 


20.66 


.699 


1120.81 


.768 


" 26... 


12.66 


820 


141 


20.61 


.696 


1110.51 


.772 


Head Reductd. 
















Whole Gate,27 .. 


6.81 


160 


111.5 


7.60 


.'^64 


786.43 


.752 


" 2S. . . 


6.77 


160 


106 


7.61 


.668 


792.63 


.760 


•' 29... 


6.75 


170 


99 


765 


.664 


807.72 


.742 


" 30... 


6.72 


180 


98.5 


8.06 


.667 


814.66 


.779 


" 31... 


6.70 


190 


88 


7.«0 


.678 


826.68 


.727 


32... 


6.66 


200 


86.6 


7.88 


.580 


841.31 


.789 


Part Gate, 
















K 34... 


18.61 


450 


163 


38 84 


.781 


1197 48 


.796 


M 36... 


1<*.74 


390 


162 


28.72 


.660 


1024.16 


.792 


y'n OO. . . 


19.20 


200 


167 


14.27 


.600 


666.34 


.690 


^ 37. . . 


19.46 


60 


211 


4.79 


.878 


460.83 


.282 


>4 38... 


19.46 


60 


142 


3.22 


.310 


342.70 


.266 



Whole Gate. 


Head. 


Weight. 


Rev. per 
minute. 

174 
163 
154.6 


Hi»rse 
Power. 

35.59 
35.56 
35.11 


Cub. ft. 


Per 
Cent, 


2d wheel, June 26, 1873, . . . 


18.40 
18.39 
18.39 


4.'S0 
480 
500 


1345 
1374 
1389 


.762 
.746 
.728 


Sd wheel, July 17, 1873 


1824 
18 22 
18.:^ 


450 
480 
4M 


161.5 
1.^8.6 
169 


34.51 
34.58 
33.80 


1342 
1370 
1332 


.747 
.734 
.738 


<4th wheel, Aag. 16, 1873, . . . 


17.91 
17.90 
17 88 


400 
450 
480 


184.3 

168 

161 


33.51 
34.36 
35.11 


1317 
1.348 
1371 


.753 
.755 
.759 



I 



B. J. BARBER, BALLSTON SPA, N. Y. 1 

[From my Eepert oT 1871.] 



Wrijht ™^P^ ^^ 



HMB uum 



HOLTOKB, HAaa., September SO. 1872. 



JAMES EMEBSOH. 



63 
THOMPSON & HOLCOMB WHEEL. 

This certifies that a Water Wheel, 30 inches in diameter, made of ca«t inm, 
fly-trap gates— downward discharge,— in form somewhat like the Houston, 
known as the Thompson Turbine, was sent to the Holyolce Testine Flume by 
A. P. Holcomb of Silyer Creek, N. Y., to be tested. Ihe figures snowing the 
results obtained bv me, may be found below. During the test, the scale beam 
was attached to the brake at a point, which, if revolvine, would describe a 
circle fifteen feet in circumference, consequently the revolutions of the wheel 
must be multiplied by fifteen to obtain the correct speed. 
Length of Weir « 6 feet- 
Temperature of Water, ....••• 82o Fah. 

Weight of Water, per cubic foot 62.875. 

Correction for Leakage, 18 feet head, . 18.10 cubic feet. 

Correction for Leakage, 12 feet head, 11.10 cubic feet. 

Correction for Leakage, 6 feet head, 9.10 cubic feet. 

A second trial of the same wheel to ascertain the effect of short extensions 
added to the outer end of chutes, for the purpose of rounding or flaring them 
-when open. These extensions prevented the gates firom belnff openMl quite 
as wide as without them, consequently less water was discharged. The partial 

Sate at first trial gave best percentage, but owing to a breakage of the gates 
y the ice at the second trial, no part sate tests could be taken. 
The wheel run yery steady, was easily regulated, and from its high speed is 
a Jhvorite with those who have it in use ; us gates, like the Leffel and all of 
that class, would be likely to become leaky. 



No. of Test 


Head. 


Weight 


Rev. per 

Minute. 


Hone 
Power. 


Weir. 


Coble 
Feet. 


Per 

Cent 


Whole Oftte, 2 


18.44 


390 


220.5 


89.09 


1.226 


1547.76 


.7SS 


•« 8 


18.45 


400 


2M 


40.00 


1.S43 


1579..^ 


.726 


« 4 


18.42 


410 


221 


41.18 


1.V54 


1599.95 


.741 


♦* 5 


18.40 


420 


218 


4i.a 


1^62 


1614.97 


.748 


" 6 


18.39 


480 


215 


42.02 


1.260 


1611.20 


jri 


" 7 


ISJUS 


440 


211 


42.20 


1.258 


iefi7.4w 


.756 


•• 8 


18.3S 


450 


207J 


42.44 


1.261 


1613.09 


.757 


" 9 


18.35 


460 


203 


42.42 


1.260 


1MI.20 


.750 


« 10 


18.26 


450 


206.8 


41.99 


1.260 


1611.20 


.755 


HEAD IEMeC». 
















Wliolo 0«te, It 


12.19 


260 


188 


31.62 


1.060 


1285.96 


.780 


14 


12.18 


270 


178 


21.84 


1.182 


1289.47 


fW 


•• 15 


12.18 


260 


172 


21 .K9 


1.085 


1294.75 


J9i 


" 16 


18.18 


290 


170 


22.40 


1.0N8 


1300.08 


.745 


•• 17 


12.17 


300 


161.5 


21.95 


1.091 


1805.30 


.781 


« 18 


1V.17 

i2.n 


810 


156.7 


22.06 


1.091 


l-^05.X0 


.78ft 


•* 19 


2K5 


109.5 


21.96 


1.0H7 


129H.-'7 


.fW 


" ao 


12.18 


295 


164 


21.90 


1.068 


1800.03 


JU 


HEAD IE»UeEO. 
















WholoOate, 23 


6.60 


180 


1»9 


8.84 


.671 


940.26 


•TTl 


•• S4 


6.59 


135 


lt6 


8.21 


.878 


948.28 


MS 


•» 25 


HJfi 


140 


13-it.5 


8.48 


it76 


945.08 


.in 


•• 26 


6.58 


145 


126 


8.48 


^77 


M6.6B 


.700 


July I2t]i. 
















Teat of the same wheel 
















hefi>re extensions 










■ 






were added. 
















Whole Gate, 2R 


18.10 


460 


206 


43.07 


1.174 


1718.41 


.787 


29 


6.41 


160 


108.5 


f.5S 


.800 


974J« 


.6n 


Put Gate, SO 


18.S5 


400 


208 


36.60 


1.040 


1433.27 


.743 


81 


18.83 


895 


208 


30.70 


.988 


1280.52 


.723 


*• 82 


18.44 


250 


207 


28.88 


.818 


10O4..S4 


.678 


M S3 


18..V) 


200 


207.5 


18.86 


.720 


8H0.H8 


.651 


" 34 


6.60 


I'/S 


102 


6.26 


.669 


747.68 


.6i» 



HoLTOKB, Mass , December 18, 1872 



JAMES EMERSON. 



N. F. BURNHAM, YORK. PtNN. 



Ho. Of Test 


H^. 


Weight. 


BeT. 


Hone 
Power. 


Weir. 


■ss 


su 


WlialaCtete,!... 


iB.ro 


760 


IM 


B9.1S 


i.3«a 


1994.61 


im 


•■ 2... 




800 






1.300 




'.let 


", *■■■ 


is! 10 


810 


160 


6&.-a 


1.3-1 


2noi27 


joe 




1810 


820 


lis 


U.ltl 


1.812 


2003 f 8 


J07 




IS 10 


880 




S5M 






.810 










02.i!6 


11310 


2012;66 


.781 


•'JSTrETT... 


1S.80 


B80 


IM.l 


4G.16 


1.200 


1766.B7 


.T47 


"jfsfrtKir*... 


liM 


«1G 


iie.1 


40.88 


1.147 


1642.74 


.m 


^tstisir'B... 


18.23 


BOO 


147.3 


33.47 


1.002 


14M.02 


,«66 


••xrbKEio... 


18 « 


36K 


14! 


24.39 


910 


1180.30 


.579 


WlioleO«te, 1... 


lain 


830 


146.4 


56.28 


1827 


aB7.*l 


.7»t 


Put Gate, 2... 


i8.ao 


080 








1B12.G8 


.738 










40 53 








w'S3^p«S, 4::: 


i8ja> 


WO 


1« 


83 IS 


i:082 


1B(*.M 


.630 




ie.n 


39 


140 




.050 


1252.11 


MI 


Hl«l RHllt4ll. 
















■Wliol6G»to,i7... 




«0 


37 






1588.21 


.772 




12!l6 










leoo.sG 






12.13 




285 


isiai 


i:i34 


1616 71 




20.. 


12.1S 


m 


2S.6 


29.47 


1.139 




. 92 


21.. 




m 








leU:?? 




" 22.. 


iaJ» 


675 


10 


SoioG 


lilSl 




^Tse 



HOUSTON WHEEL 

Thfa certifiei, tbst a Water Wheel 50 inches in diameter, made of 
Ciae iron, caat whole, Register gale, Itnonn ai tlie HouitoD Water 
Wheel, vaa sent to the Uolyote Teatiug Flume by 0, E. MerriU A 
Co., Beloit, Wisconsin, to be teeled. 



Wlwlaaala,].. 



g.oo 


SOO* 


11! 


101.80 


.B« 


mojs 




00 


108 






88ao.oi 


■!si 












SVI 


00 


IDSB 








8-Og 




103 


1«M 


'.iTi 


ffia).ao 


ta.iw 


20 






.BBS 


Bfl»VB8 


8M 








.Ke 




8.04 




110 


I0»'.33 


.M6 














3n3.« 












BBTS.ia 


18 .re 


00 


113 






%30.»» 


19.10 






si'.n 




34I1.S9 












3i23.ea 




no 


lf>» 


DZ.B6 




2SSS.M 


18.68 


76 


no 


38.33 




2240.12 


18.W 




113 


18.66 


.B«0 


1749.84 


Ftoting 


Eitenel 


oni to 


cbaua 


air. 




IJJS 


16W 


0» 




1.536 


8889,72 


17.96 


1S90 


OS 


loihs 


1.63f 


3588.78 










1.616 


8SA4 64 












S6S4S4 


ISM 


1800 


W 


9i:89 


1:49a 


8362.90 




1140 


IS 


T9.» 


1.400 


8123.83 


n'.'ai 






eew 




3840.28 






03 






2301 J19 


K.si 


000 


M 


ilM 


i.iOO 


I9«,18 








13.88 







Previous to the trial of this vheel it had been frozen loUd in ioe at 
the bottom of the flume tbr two neeks ; (o clear it, crowbars, blocki 
of wood, axes and other implements were used, some of which en> 
tered the wheel with a crash when it first started, probahiy throwing 
it out of center, for it required the strength of two men applied to 
the rim of the brake (hix feet in dianieler) to turn the wheel wheo 
the gate was closed. 



E. L. SMALL, URBANA. OHIO. 

The reSDitg obtained may b« found belov. The pecnilarit; of tbe « 
DonslsM In lUEHieaanil tiacketB, the gates belrie Mm pi j large tkncets. 
budliBta are like aballow boxes, — Ur* Small Mllevlng ouiflee better 
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TESTS OF A 36-INCH AND OF A 48-INCH TUTTLE WHEEL AT 
SMITH & MEADER'S MILL, WATERVILLE, ME. 



36-iiioh. 


Rev. 

I*er 

Minute. 


Weight 

in 
Pounds. 


Horse 
Power. 


Head 

in 
Feet. 


Weir. 


Cubic 

Feet 

Disch'd 


Per 


No. of Test. 


Cent 


Whole Oate^l... 

" 11... 

" 12 
Part Qate, 13. \ '. 
14... 

48-iBoli. 

Whole Gate. 1... 

" 8... 

" 9. . . 

" lu... 

" 11... 

« 12... 
% Gate, 13." ! ! 


190.8 

162.6 

161 

175 

168 

148.4 

140 

I3<*.5 

137 

130 

125 

161 


426 
600 
615 
325 
130 

900 
MOO 
1026 
1060 
1100 
1150 

425 


36.86 
44.32 
45.01 
26.82 
9.93 

60.71 
63.63 
64.63 
66.38 
66.00 
66.38 
31.11 


15.86 
16.84 
16.79 
16.58 
17.22 

14.53 
14 47 
14.45 
1448 
14.48 
14.48 
16.73 


1.438 
1.460 
1.446 
1.250 
.963 

1.634 
1.630 
1.630 
l.f^32 
1630 
1.632 
1.312 


2746.83 
27 1 9.65 
2768.70 
2V27.83 
1489.98 

4135.02 
414597 
4145.97 
4149 62 
4I4.'5.97 
4149.62 
2992.99 


.4479 

.h6£b 
.5572 
.8698 
.2066 

.5243 

.6612 

.5831 

.5625 

.672 

.673. 

.349 



TESTS OF A 42-INCH TYLER, AND A 42-INCH REYNOLDS WHEEL, 
AT VASSALBORO' WOOLEN MILLS, VAS8ALB0R0', ME. 



Tyler. 



•No. of Test. 



Whole Gate, 1... 
« 2... 

" 4... 

Reynolds. 

Part Gate. 1... 
2... 

3. . • 
4... 
5. . . 

6. . . 

Whole Gate, 7... 

o. . . 



Gate, 



« 



l( 



Rev. 


Weight 


per 


in 


Minute. 


Pounds. 


168.6 


700 


164.4 


750 


160.8 


800 


144.6 


1100 


139 


800 


168.5 


750 


172.5 


775 


173.5 


800 


1«1 


H60 


149.6 


900 


166 


1000 


161.6 


1100 



Horse 
Power. 



63.65 
66.06 
68.47 
72.80 



60.54 
57.44 
57.74 
63.09 
62.20 
6120 
76.45 
80.80 



Head 




in 


Weir. 


Feet. 




27.21 


1.264 


27.21 


1.282 


27.21 


1.282 


27.21 


1.297 


28 


1.210 


28 


1.210 


28 


1.210 


28 


1.210 


'28 


1.210 


28 


1.210 


28 


1.297 


28 


1.297 



Cubic 

Feet 

Di8ch*d. 



2609.50 
2661.84 
2664.84 
2776.10 



2436 82 
2436.82 
2436.62 
2436.82 
2486.82 
2436.82 
2776.10 
2776.10 



Per 
Cent. 



.8999 
.4069 
.4266 
.6063 



.8918 
.4463 
.4477 
.4892 
.4823 
.4746 
.4683 



This certifies, that on the 8th and 9th of this month I tested two 42-inch 
water-wheels at the vassalboro' Woolen Mills, Vassalboro*. Me., George 
Wilbins, Agent. 

The first was called a Tyler wheel, though not made or furnished by Mr. 
Tyler. Regulator speed of wheel 170 revolutions per minute. The test proved 
tliat ft was run at a velocity much too high to utilize its greatest effectiveness. 

Second wheel, a '* Reynolds." Testing first with gate open the same as 
When running all the raachinerv attached to it, six tests ; then the gate was 
opene<l in full; with 1100 pounds on the scale beam the wheel ran very un- 
steadily, so much so that it was considered uaeless to try it with more weight. 

Weir 10 feet in length, sectional area approaching weir 25 feet in widths 
depth below crest 2.6 ^t. 

A,t>*ii 16, 1872. JAMES EMERSON. 



No.ofTMt. 


Hwd. 


■Weight 


ReT. per 


Hor» 


42-laol> WlMel 






ie.17 
B*n 

MT 

IBW 
IB.no 

B.no 
S.0O 

5.00 


s 

950 
lliBO 
1100 

BOO 
600 

000 

000 


194 
116 

8J 


44 «t 




SI 












;; 6 


iX 














K4-lnoh Wli«*l. 










6! 




















8 





















ilL'hl hare reached 



one foot In a faiiiuu«d. 



J. W. UPHAM, WORCESTER, MASS. 

Ht. Upham bu been In tba WaUr Wbeel baslnHS for many years, knd ti 
known (or Ills sterling integrity- Tbe wheel be now bulLdi is one «fmflar to 

it is on ths inside at the top and imsll. Tbe flgnres below were obtained from 

^_. . . i^ The two lost sat! of Hgures are given to show the 

D. and prodoce good power. 



m. H Tat 


Bfd. 


Wdghl. 


J^n,S: 


fisj;. - 


rtr. 


^.Sl? 


^. 




I»<1 


an 


mt 


mo 


nn 


u»a 


m 


















:: J::::: 


lU 


Is 


1™* 




Si 


H 


■i 




















itSi 


153 


Iwj 


i» 




■'^-Z 


m 


















: 1!:;;:: 


°M 


m 


Iw' 


'i.'S 


il«l 


iSf?^ 


J& 



































































E. O. Libby, Medford, Mass. 

The wheel, lllaitnled in the Upbam report abore, waa drgi 

who liu iToenf '-^ -"- ■- *-' •■ "' ■ 

chute. .imilBr 



tmr \ii' d ol 



J Mr. Libby, 



Head. 


Weight. 


ReT.p^min 


Uora« Power 




Per Cent. 


IS.M 
18:48 


1 


2Sfl.6 
309,5 


2fl!w 


lesaiso 


.BS62 

'.mo 



Bunt'a Doable Action Turbine Wheel. 



K upoQ ihe uppusiit pagt. 



LQ fine luble bcio >', nlso, 





Uead. 


Weight 


KeT.per 


n.p. 


Cnble 


Pet 

Cent. 




U.fn 


1500 


S 


1 


IsnilB 










:mJ 



It of * llnDl-FliDt ir 



And outward disehurgffl ; see I 







n..d. 


Wdgl.. 


R£;,.pdr 


H.P. 


Cubic 

feet. 


Per 
Cent. 






la'ss 


OTO 


1!S,S 
ifi 


39^77 
1S.JI 


IMJJO 




l^rt 


3%it,.. ......... ...... 


;421S 



lot 


tanunlwhcd.dow 


•ruddi 


dhstse, 


a the same curb u Ihe one 


.hove. 




H..a. 


Welgbl. 


Bg.pcr 


P^we'' 


r°i;t.'' 


Pt 

Cent. 






ia:4B 


3«S 


118 


i 


ill 


:^u 
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Eodnsy Hunt Machine Co.^ 



-•-•^-•- 



This certifies that a Water Wheel, thirty inches in diameter, 
made of cast iron, central and downward discliarge, known as the 
Hunt Double Action Turbine was sent to the Holtoke Testing 
Flume by the Rodney Hunt Macliine Co., of Orange, Mass., to 
be tested. The date of each test and tlie figures showing the exact 
results obtained by me> may be found g^ the following pages. Dur- 
ing the test the scale l^am was attactied to the brake at a point, 
which, if revolving, would describe a circle fifteen feet in circum- 
ference, consequently the revolutions of the wheel must be multiplied 
by fifteen to obtain the correct speed. Data for one minute : 

Length of Weir, 6 feet 

Temperature of Water, 40° Fah. 

Weight of Water, per cubic foot 62.878. 

Correction for Leakage, 18 feet head, • . . 14.20 cubic feet 
Correction for Leakage, 12 feet head, . • 12.20 cubic feet 

Correction for Leakage, 6 feet head, . . . 10.20 cubic feet. 



No. of Test 


Head. 


Weight 


Rev. 

per 

Minute. 


Horee 
Power. 


Weir. 


Cubic 
Feet. 


Per 
Cent- 
age. 


Whole Gate, 


18.84 


650 


125.5 


37 08 


1.192 


1473.94 


.7246 




18.36 


525 


177.5 


42.36 


1179 


1460.17 


.8388 


« 12. . . 


18.36 


540 


171 


41.06 


1180 


14()1.99 


.8187 


" 13. . . 


18.85 


550 


168 5 


42.12 


1.184 


1469 80 


.8276 


«* 14:.. 


18.84 


660 


166 


42.25 


1.187 


1474.80 


.8260 


" 15... 


1S.S4 


530 


176 5 


42.52 


1.181 


1463.82 


.8386 


" 16. . . 


18.85 


620 


180.6 


42.66 


1.178 


1458.34 


.8483 


" 17. . . 


18.86 


510 


183 


42.42 


1.178 


1449.23 


.8425 


" 18... 


188S 


500 


185 


42.04 


1.170 


1443.77 


.8409 


Part Gate, 19... 
















20... 


1837 


475 


190 


4l.f2 


1.1^8 


1422 00 


.8306 


" 21... 


18.88 


490 


186 


41.42 


1.160 


1425.62 


.8374 


" 22... 


18 36 


POO 


183 


41.59 


M63 


1427.43 


.8395 


" 28. . . 


18.42 


440 


182.7 


86 54 


1123 


Ja'.9.02 


.7722 


" 24... 


18.40 


460 


185.5 


87 94 


1.126 


1362.62 


.8055 


" 25... 


18.40 


400 


176.6 


36.92 


1.128 


1368.59 


.7766 


** 2«... 


18.61 


250 


179 


2()M 


.932 


1030.04 


.6613 


" 27... 


18.60 


235 


185 


19.76 


.927 


1022.66 


.6496 
.2376 


«* 28.. 


18.86 


75 


176.2 


6.01 


.727 


710.89 


Head Reduced. 
















" 30. . . 


12 24 


2.50 


173 3 


19.69 


.983 


1117.88 


.7680 


« 81... 


12.20 


275 


165 


2<i.62 


.995 


1138.16 


.7866 


" 82. . . 


12.19 


300 


157.5 


2147 


1.007 


1158.55 


.804 


•* 83... 


12.17 


320 


161 


2*.96 


1.018 


1187.33 


.804 


« 84... 


12.15 


3^0 


145 


22.41 


1027 


1192.77 


.8199 


« 85... 


12.13 


850 


141.5 


22 61 


10S2 


1201.87 


.817 


" 86... 


12.13 


360 


187 


22.41 


1.086 


1208.27 


.8089 


" 87... 


12.13 


370 


134 5 


22.62 


1.037 


1209.99 


.8172 


" 88... 


12.13 


380 


129 


22 28 


1.087 


1209 99 


.BOS'" 


" 89... 


1213 


890 


124 


21.98 


1.040 


1215.17 


.788» 



Gates Curtis, Offdensburg, N. Y. 



ODBTIS TUKBma. 



Thm wheel a diagoDal m shape, 



^ 



ke the Hoiutao 
Test of 


but hns u Inside Bes'Stcr 
»4T.iiich wheel. 




B«d. 


wit 


ii 




,=. 


Wl»l- R.», 


I 


1 


1 



UB Bl (uU ^te Bt itU dcnei, regnl«Ilng ipeed 
ptween nuiiie''ud J^'rebHyf A ^1011]* ii?d9 



Iml^n^p^ 18.37 1 aw !U I iii M I 8i«.sb{ lara 
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Perry Turbine. 

PsiTy dt Taylor, Bridgton, Main*. 



Sept. 1. 18TT. 


n^td. 


Pet Mm. 


^"".t. 


Cubic 


p« 




lis 


247.S 


t'\a 


300. » 
802.70 






















bIm 


it 




ii 




















1.78 
1.77 


iss 

145.T 


20.11 

aoiss 


imas 
















;; ;; 


■^1 








2 00 


IM 


1 ,18 
.73 










.8589 










.IMl 
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O. G-. MuUikin, Lansing, towa. 





US laches la diameter, 
lendin; to edge of the 
d filUdg bore of curb. 
I all of^tbe Ubles is at 
e others M part (late.) 


Bu 


ketse:. 


to line 


3. third 


est. 


wholo Bate; th 
Tlie foUoning r 












!l 


135.6 
138:s 


soIbo 


1389 
18T1 


.7837 


He«l. 


Be,. 


U.P. Unb.ft. 


Per'tBC 


■flM4 


KH 


i 


30.3S IDS ..39 

alio sseas 


.8048 


.5809 


8.69 


H^ 


-sS— 


l.buck 
U.P. 


M»olin 
Cnb.ft. 


ter-tai 


8.83 
8.9B 


isivo 


laa' 


S:L' 


1188 

ess 


;7r40 

.87 7a 

.6399 


The DCit U 
»hMl, with bu 


al wa. with aM-ineh 
lift* of different curve 
«=ortheS8.inch. 


Buoketa chipped to line 3, re-leKed. 






U.P. 




rer'tge 








H.I.. 




Pet^ga 




12I.S 


48.00 


IMM 


.1147 




11 


i8;68 


3W 

199 


is:82 


iai8 

899 


.8848 
.7M« 
.IMOG 

.4941 


line marked i, a 


""^tt°esTed."""' '" 


' 


ch chip 

■aln teet 


edtoline2.«Hl 


Head. 




11. P. 


(.■uh. ft. 


Per'tge 




aev. 






Per'tge 


iB,oe 

18,2» 


33 .& 


30;47 

ai.oo 


^« 


16490 


18 48 

18 '«0 
18.M 


-2.1 


»:» 


729.08 


'«8S 



O, B. Walsb'8 Double Turbme, Waupaca, "Wia 



Te9lofiiSj.lnehi.hea 




Few of 


. 13-i»C 


»h...l 








B.v. 




Cub.ft-P.rU. 




Key. 1 li. r. |Cub ft 




ia.aj 


im!* 


Mlia 


6i3 


833 

'.bia 


ii'i 


37T 
4IM 


e!2o 


a" 
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US 



Wetmore Wbeal, XTpbam Machine Co., Claremoat, N. H. 

Te»l of > atWiocti. tiept. 17. I8T3. 



, |B.^ 


Wel;;Lt 


^-P- 


H.P. 


cubic 


Cent. 


Whole G»U 


17.94 

ia!2§ 


s 


1' 


i:i 


III 
946:7fl 


A»l 






:; ;: 


.«ns 






Whole Um*, 

Piir[G»t<), 


18.71 


120 SOT 11 IB 428.66 
75 805 8.9S B04.4S 
SO 1 291.S 6M 1 202.10 






.MTO 


Same whael, buck 


en 


been chipped. 


yh«leti««. 1 18.71 

PurtUstf 18.87 


aS'" 1 'jM 


203 19 .MTT 


Tb t of a a 


neb, Oct. 2. 1876. 




Fiin^oti^!/.'.'.'.'.'.':.'.''.'.'.'.'. Um 185 230 i2'89 m.ia\ 'Msaa 


Seeodd lew of -»mi'. buetel, b vlnR been ebipped. 




ills ml Mij 




FanGMe 




Te 


tof..4e.lncb,0«.6,197J 

u'm 110i> 80S 
10.«3 700 M 




XSS^v;;;:::;;:::::: 


26 41 


2354121 
1827.39 
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Amerioau Turbine. 



stout. Uills & Temple, Darton, Ohio. 



nch Dsylon wli cl, Not. £0. mi. 





If 


w.igin. 


MiD 


49.0B 


IVSO.H 


Ceut. 


Whol^iOM., 


i 


m 


•■ '• :::::::::::::::::: 


fit 





N 


mhcr 13 


1873, 36 


tocUwb 


el. 






18.28 


eoo 
aw 
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sol? 

18.12 








;; ;; 


"m'^\ 'ISS 







Test of la-iDcb, Janunr; 39, 18 







17.70 «60 
18,10 1 WO 
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sa34 
oolfiL 

33.1! 


iwoiSi 
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■!?« 










BeplembrW, 18:3,43.111 


h rigbt 
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jV 


3s!4S 
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:: :: ;";; 
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Ocmbctl, I873,42.1iie 


, len bud- 










llTi 820 
18.43 1 420 
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.S479 




November 11, 1873, 2S. 
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18.39 E20 
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NoTem'.«13. IST3.30 
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Collins' Wheel. 

ManuAtctursd by J. P. ColUns A Co., Norwioh, Conn. 



[Fbos ht FoDBra Annub BMroBi.] 

Ii local In reputation and onlfDiade to order. ASt-tnch, brvs backet, siMly 
flnislied wheel in a curb timilar lo Ilie above nai i>Ent to me to be tented. Thgr 
■end^riiwedthaltMO, had been paid for it and chat Mr. ColUnj had sold ilal 

(ime'sied for the trlaL'^^Two dava In adTBnca he put in *ii appearance , Terr 

Slei-anlly renujkingr " I adtaoxclidee tke right vf trtry parriatrr to atrrrlaln 
v actual trial tht valw of anil ahttl piirr\i,iip'i :" he further alatrd.Ihac b* 
had brou([hthisorer>Usiaordi'rta put Ihe xheelln ord«rlf it was not in good 
couditiaa, Iadc<^d,he va> rei jgenial,HDd one ma; judge of m^ aurpriietha 

11ns, aoc impaaiedhjinieriir. ihiQeorlbur appraincrs. and other appurtenancea of 
"■-' — ,«lepptd in wLIh a writ of replevin and demnnded the wlicel. As 1 kneir 
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ol make sue 
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the Ph, adelDhik 
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Success Turbine, S. M. Smith, York, Pa, 




Downward discharire. Only one wheel tested,tliat 
tested several times ; first as it came to tiie flume, then 
it was taken to machine shop, put in proper condi- 
tion and a<;ain tested. 



Head. 


Weight. 


Rev.per 
minute. 


H.P. 


Cubic 
feet. 


Per 
Cent. 


18.22 
18.32 
18.48 
18.56 


830 
800 
240 
175 


197 
198 
204.5 
193.7 


29.55 
27.00 
22.61 
15.41 


1137 

1022 

877 

662 


.7f64 
.7647 
.7419 
.6658 



Second Test of SSame. 



.Head. 


Weight. 


Rev.per 
minute. 


H.P. 


Cube 
feet. 


Per 

Cent. 


18.30 
18.35 
18.55 
18.64 


840 
815 
220 
160 


198 5 
203.7 
202.5 
202.5 


80.67 
29 16 
20 25 
14.72 


1095 

1025 

742 

503 


.8119 
.8198 
.7800 
.7064 



Bollinger Turbine, O. J. Bollingrer, York, Pa. 



Central Discharge. 


Head. 


Weight. 


Rev.per 

minute. 


H.P. 


Cubic 
feet. 


Per 

Cent. 


Whole Gate 


18 21 
18.24 
18.40 
18.58 


870 
340 
250 
160 


198 
187.5 
190 
193.5 


32.45 
28.97 
21.59 
14.07 


1343 25 

1196.20 

948.11 

678.43 


.7034 


Part Gate 


.7042 


t( •• ^^^ ^ ....... 


.6577 


<( II ^ 


.5784 



Delphos Turbine, Delphos, Ohio. 




Test of a 24.inch Wheel. 



Head. 


Weight. 


Rev per 
minute 

248. 
246 5 
248*5 
204 


H.P. 


Cubic 
feet. 


Per 
Cent. 


18.38 
18.48 
18 60 
18.76 


280 

205 

115 

55 


21.04 

15.31 

8.65 

3.40 


786 52 
696.78 
540 57 
373.06 


.7726 
.6329 
.4567 
.2582 



Another 24.inch Wheel. 





Head. 


Weight. 


Rev.per 
minute 


H.P. 


Cubic 
feet. 


Per 
Cent. 


Whole Gat e.. 


18.38 
18.42 
18.47 
18.56 


275 

235 

170 

95 


246.6 
288 
246.5 
247 


20.55 

16.94 

12.69 

7.11 


806.70 
750.68 
654.01 
505.31 


,7350 


Part Gate 


.6498 


II (1 


.5570 


II II 


.4025 







Test of a SO-inch Wheel. 



Whole Gate, 

Part Gate,. . . 
II II 



« 



i< 



Head. 


Weight. 


Rev.per 
minute. 


H.P. 


Cubic 
feet. 


18.18 
18.25 
18.38 
18 54 


700 
510 
320 
120 


175 
173.5 
176 
173 


55.68 

40.22 

25.60 

9.24 


2069.54 
1786 56 
1483.77 
1041.36 



Per 
Cent, 

.7856 
.6552 
.4983 
.2540- 



Nation&l "Water Wheel Co., Bristol, Conn. 



J. T. OASB WHEEL. 

Hide with sixteen ch 



liitle riisei 



re those Ibkt g^n (be Li^lieal results 
Test of 3D-indi, Aug. 1ft, 1B7& 



iHeMl. 


Weight 


R.;v.per 
minute 


iisi. 


Feet, Cent. 




\ll\ 


2S5 


ii.. 


ib!« 




12 chnles apraed 

:S:SSS:::::: 


MS.Sft ,605 
330.60 .S77 


Tsst of au-itieh. August 22, 1872. 


4 chutes opened e<U 30 24» 

8 chutes opened S^ M 247 

12 cimtes opened 1 8.M 180 !(37,6 




21S.8« 

7oa!&e 


^38 
.»0 


Another 20-tnoh, in ssmc curb, but with different shaped buckets. 




IBM 


1' 


uli I'm 


424:70 




4chutea opened 

Schutes opened 


.336 
,00a 


Another SMncb. dilDirent from Ihe olhers, euui; curb. 




8.81 


110 S64.3 12,42 


MS.32 




12 chutes opened 

4 chutes openedl * 




Another wheel in ssme curb, bat nith gompound te^ster gate. 






40 148 
20 197.9 


7,W 


m.3T 




13 chule< opened 

SSSSS^Md;;:::::: 


,691 
1327 


Tescof « 24.inch wh-.'el in shape lllie the BouMon, Sept. 27, 1872. 


tSisS-:::::::::::::::: 


wira 


'^ 




11.44 






ft4I.6S 1 .4ftS 


Another of the ssme kind sod shape. 




12:211 iw 1 ms 1 ":m 1 SI 1^ 


Head Bedud^. Whole' Gste. 


Test of > 40.1nch, January 2l»l, 1873. 


Whole Gate 

12 ehntos opened^ 


«.9S 


? 


59 


v'.tsi 


1.SI0 7S 

10S1.W 


.816 
.470 



J. T. CASE WHEEL. 



No. of Teit. 


Eexl. 


Weight 


«C„. 


Po™. 


Walt. 


"p?5l? ^ 


iL 




17.85 


«oa 


74 


47 42 


sm 


2088.7* 


689 








78 


60!l6 


.060 










m 


68.6 


49,78 


.064 


20ai'36 




i.'.'. 


J6 








.067 


20-0 81 


729 




78 






6170 




2082.16 




" e.'.'. 




726 


ao' 


62.72 










!e9 




67 




,074 


2123'.I0 


761 


'• s.'.'. 


.87 




6S 


&4!6a 




2140.06 






.63 




68 


66.6S 


!0B4 






" ID." 






60 


68.26 


.088 






" 11... 


!sa 


850 






.088 


2163.61 


788 


" 12... 


.81 


876 




67.27 




2170.14 


798 






eoD 


43 


66.00 


!098 - 








.£S 




isa 




,100 


220036 


769 


" w'.'.' 


68 


»60 


128 


6811 


1.104 


2212.48 


732 


, HMdR«l«»d. 
















WIu>leQa(a,l7... 


12.1B 


650 






.973 


1826.88 


783 






62G 


117 


33!34 






796 








1IB.6 


S2.32 


;b6S 


1814 (« 


776 








132.6 


32.01 


.965 


1B06.4T 


771 




1 2. IS 


616 




8Z.7I 








'■ 22;:: 


12.14 


S8G 


116 


88.10 


!b73 


1826.86 


793 


HMd Reducod. 


















6 7* 


850 


84 


18.86 


.803 


1861.90 


770 


m', '. '. 




860 






.8<iS 




766 


" 28... 


670 


870 


77!5 


ib;oo 


.806 




749 


", "■■■ 


6.7s 


340 


86 


1829 


.801 


1869 89 


7fi8 












.800 


1866.78 




pK-tGab, 
















i2p;i«o^;n.ao,.. 


IT.M 


800 


1816 


48.22 


.64* 


1748.B6 


820 






m 


IM 


24.86 


.730 


1178.98 


009 


8 •' "82!!! 








32.4,8 










18.3£ 




120 




!71B 






4 " ■' «::: 


ISM 


160 


189 


0:48 


.613 


670.49 


.886 



At Unionrille, Conn., FlntDer & 
the inest style Nation J wheels; 
K> sitisorunarllf eitnTtttnC I 



u in below its Ubli'd nte for power, and 
t use of mter tbM ic wu iDunedLately 



82 



Angell Wheel, Providence, R. I. 

Double discharge, gates similar to Leffel, though each alternate piece forminar 
side of chutes is stationary, as r pr^ seated in the diagram. Buckets bolted to 
hu~b of wheel, and often shear otf. 




TB8T OF A Stf-IWOH WHBBl.. 



No. of Test. 



May, 1873, Whole Gate,. . . . 

^Gate 

h " 

H •• 

H " 



Head 


Weight. 


Rov.per 
Min. 


Horse 
Power 


Cubic 
feet. 


17.96 
1812 
18.29 
18.47 
18.48 


880 
790 
650 
475 
870 


147.3 

143 

145.5 

140 

142 


68.92 
51.35 
42.99 
80.22 
23.85 


2328.86 
2052.24 
1760.51 
1362.77 
1179.99 



Per 
Cent. 

.7451 
.7305 

.7063 
.6366 
.6786 



A 80-INCH WHEEL SENT TO BE TESTED. 






No. of Test. 


Head. 


Weight. 


Rev.pcr 
Min. 


Horsn 
Power. 


Cubic 
feet. 


Per 

Cent. 


Nov. 3, Whole Gate, 

Z4 Gate 


18.27 
18.31 
18.46 
18.54 
18.65 


620 
490 
880 
270 
190 


184 
184 
182.5 

187 
184 5 


43.50 
40.98 
31.69 
22.95 
14.25 


1475.36 

1398.86 

1094.11 

902.17 

677.38 


.8539 
.8465 


«? «« 


.8114 


i^ «< 


.7260 


7^6 •• v::::::::::::::::::. 


.5968 













On teport of results, a wheel of the same size and made in same lot was sold 
to Otto Troost, of Winona, Minn., sent to me to be tested for verification. 
Besults are here given. 



No. of Test. 


Head. 


Weight. 


Rev per 
Min. 


Horsp 
Power. 


Cubic 
feet. 


Per 

Cent. 


Dec. 15, Whole Gate, 

" 

II . . ..[| 


18.40 
18.43 
18.42 
18.47 


620 
500 
480 
650 


176.6 
180 6 
186.5 
167 


41.74 
41.04 
40.66 
41.11 


1583.40 
1575.21 
1564:21 
1616.24 


.7579 
.7479 
.7465 
.7285 



Of course the wheel was rejected ; then the wheel tested, Nov. 3, was repur- 
chased by the Angell Company, and returned to fill the order. It was placed in 
the flume, and found to run so hard, that I at once refused to test it until put in 
order ; it was taken out and reset some five or six times, but could never be got 
in condition to run, so that it would not require thirty or forty pounds to start it, 
where ten should have done so, and the wheel was returned to the shop for 
inspection. 



Janiurr 14, 1374, n 43 inf 1i wheel vras sold i-odititlnnilly to Ink" Ihe pince of a 



NcofTMt. 


Head. 


Weight 


\T' 


IIorM 
Powiir. 


feel'. 


S. 




ITW 
lf<;-21 


101)0 

mo 


ii?'j 


A3 88 
4tl.<lll 
30.90 


imig.ou 







































TE 


ST OF A 40- 


INCH WH« 


L,AT fitchhuho. k*9«.,«ii,t a, 


872. 


ne«d in 


Weit. 


MlQute. 


WeiRhl. 


llorso 


Cubieft, 
Discliurg'il 


Bge, 


ij!w 


lOJIS 


210 


f?0 


1M« 
30^3 


lis 


iSJ 


Tablet! r»t 


e. sune he. 


d, 2«0 




"iV 


2SO0 


.woo 



Flenniken Brothers, Bookford, 111. 







Test of 


20.1nch 


n:l,eel. 










Head. 

18.87 

SI 


W.ighl 

00 
20 


inmmo 
280 


PoWL-r 


1 .iblc 

eov44 

278.14 






8083 


pAj!«r.'.".v.:v.;.v.-;::: 


.To25 




.2244 




OardlD 


erCoi 


, B1181 


ffortu. 


N. Y. 







lorahiib.whhaJoDTAl 
COQtlnucO by slieet Iron 
1 screw, Ihe plicb being 



1. H. Bisdoa & Co., Moont Holly, 27. J. 



Ur. BUdon Beems to have s paulon for 

the tDrbino brulbeH, and hoA coQIlnnPd to 

m J aume iru in 1871,' with a SU-iu^ Vuids- 

He then tried a SO-inch of I'be same ^i!d, 
. whicb gave .1871 per tent. His neit 
efibrt was with a nbecl of his D»n dc- 
aigninK; (see neil page, Fig. 2;) butina 
cni-b eimilu to that used bv the Kational 
Water Wheel Co . of Bristol, Conn. Tbe 
test !• given in full in the second table 



I by the tetl of a 13-ibch 



Head. 


Weight. 


EeT.permln. 


H. POWfT. 


Cnblc feet. 












2804.03 




















17.90 


JMO 


UB3 


sajo 


2W8 82 




010 
















isico 


12M 


nis, 








834 




1000 


























isiso 




138.8 








6W 






148 


«_72 


lOMOT 






No. of Test. 


Head. 


Weight. 


»•■■ £-. 


Weir. 


Feet. 


^nt. 


WboleOata, . 


. ia.sB 


TM 


63.S 


62.02 


.193 


1749.38 


.863 




, 18.26 






5166 


.201 




.860 




. 8.2S 


705 




62.07 


.198 




.859 




. 8.28 


711) 






.196 1766.81 


.868 












.199 1762.29 












62^20 






'm6 








6s!6 


62.26 


!2co 








: 8'.13 


730 


B7.6 




.201 


766:64 


'.»a 


" b'. 


. 8.a-i 


735 


1.M5 






768 81 






882 






B2!SD 


!2oi 










■745 


6tl' 




.202 


788: SI 






: 8:»2 






E2!l6 








• i: 




ISO 
699 


S7* 


g:S 


!203 


782:29 


.843 

.968 


" IB. 


: 8:34 


flSO 




63.24 




760,18 


.M7 


" ]6, 




670 




5-2 .22 






.868 


lPt.0l0Md,18. 




5«0 


54 


89.20 












646 


69 




.946 


1438.4B 


:7T8 


2Pta.doaed2L 


8.as 




82 






881.06 


.47S 


Whol8aate.22. 




74S 


54 


^ 


62:36 


lizoo 




t« 


£W 



T. H. Risdon & Co., Mount Holly, N. J. 



Of the nuraj Risdon wheels te: 



RISDON'S ■yVHEEL. 



imber of lh( 
■ougli Bomo slight cli« 
X of the aj-inch i-iiel 



b, repTeeeuted mt the hi 



i opposite 



T.,1. 


B W-lneh. 


il.«l. 


IVeleht. 


»K' 


U.P. 


frer 


Cent. 






Jim 


ie& 


wi 


KM 


SI 










:: : 




'/im 



Tyler's New Scroll Wheel. 



Bcroll whesla Bre pus'luB snay, siill ibfte «t many nlMos rpl B-h*ro Ihcymav 
h~. iidrHiiIngeou<l, iix.ii: uf the iiu'>v jiUiis di'ViseJ Tui' Ilii' cUl^h af wIicIj, 
jDlm Ti-lcr of Clarcmoul, N. II., bu uaOoubledlj- produced lb<i ipry beat, imd 
deeidedlj' so. 

Tp« of ft 30-inc1i. Sept. 19, 1873. 



WboleG.,«. 


lIPBd. 


Weight 


Itev.pci 

iss 


irono 
Power 

M.iS 

i:<fl 




,c;,:. 






il 


3M 




i'«r 




:SS 























1B.5» 


200 


lai 

197,5 


■S3,S« 

n'95 


I'BS.Jlt 
1097 M 

™:7^ 



































p la ihraugti ths wlicel nt u-holc L'ltc. Kebn 
wbepl were sllBhMy chipped on rho odge, theo i 
withoul nay l.itimMioii ifiat It vn» tlie name ])rc 
bad M the time >iid it rtood ciuoscd for twu 
nilh the ordinary cure. 



Bunly tried. Tlicwcalher 









Uead. 


IVeLgh. 


mioC 


Pomr. 


ftel." 


C^/ 






ais: 


18 47 


a«o 




83 08 


11T9M 




















■ 


" 


Siuehea 


{It 
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Tyler's Flume Wheel and Curb. 



John Tylar, CIa»mont, K. H. 

curb liu KD Iniilde re^iatFr ^Ii'. on<' slile of «rh cliute being cut in 
m; tlic other pHri ia bolted lolbe renaicr hoop orRste, Tbcwhfells 
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A. N. "Wolf's Turbin©. 

ManufBOtured by Barljer & Sonm, AUer 
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Test of 24-iiich. Multiply revolutioiu of wheel by 10 to get speed for oomput* 

iug power. 





Head. 


Weight. 


Rev.per 

Min. 


Horse 
Power. 


Cubic 
feet. 


Per 

Cent. 


Whole Gate 


18.21 
18.29 
18 41 
18.55 
18.69 


425 
400 
825 
250 
150 


255.3 

240 

247.5 

249 

234.5 


32.87 
29.09 
24.37 
18.86 
10.65 


1134.57 

1002.07 

853.76 

673.63 

445.86 


.8430 


Fart Gate 

«< u ,,,,,, ...,.,, 


.8410 
.8202 


<« it 


.8003 


4< t* 


.6777 



Test of a second 24-iiich. Multiply revolutions by 10. 



Whole Gate, 
PftrtGate,... 

MM. 



M 
<« 



M 



18.45 


420 


255 


32.45 


1166.27 


18.50 


350 


252 


26.72 


1004.33 


18.55 


300 


250 


22.72 


884.27 


18.73 


175 


251.5 


13 33 


628.87 


18.83 


80 


248 


6.01 


445.39 



Test of a third 2i-inch. Multiply revolutions by 15. 



Test of a fourth 24-inch. 



.7997 
.7620 
.7374 
.6001 
.3018 



Whole Gkite 


18.23 
18.32 
18.41 
18.47 


280 
220 
190 
150 


253.5 
262^.2 
261.5 
262.5 


32.26 
26.22 
22 53 
17.89 


1164.28 

100140 

891.93 

755.83 


.807ft 
.7578 


Part Gate • 


M (4 


.7275 


M n ,, . 


.6796 







Whole Gate, 
FUrtGate,... 

M l« 



H 
II 



II 



18 20 


300 


245 


33.40 


1183.46 


18.24 


270 


243 


29.82 


1093.77 


18.38 


220 


241 


24.10 


922.11 


18.45 


170 


251.3 


19.41 


791.52 


18.70 


75 


235.5 


8.92 


470.67 



.8200 
.7910 
.7700 
.7033 
.5370 



Test of a 30-inch. Multiply revolutions by 15. 



Whole Gate, 
Part Gate,... 



M II 
M «( 



17.86 


500 


183.5 


41.70 


1547.74 


18.01 


4S5 


182.5 


36.08 


1325.98 


18.06 


400 


180.5 


32.81 


123i.06 


18 43 


230 


182 5 


19.07 


819.71 



.8000 
.8011 
.7814 
.6850 



Test of a 36-inch. Multiply revolutions by 15. 



Whole Gate,. 
PftrtGate,... 

M 41 ,^^ 
M 44 
M 44 



18.03 


825 


160.7 


60.26 


2308.08 


18.02 


825 


161.5 


60.25 


22«8.75 


18.12 


700 


160 


50.91 


1958.80 


18.27 


550 


149 


37.25 


1607.43 


18.49 


800 


157.2 


21.42 


983.48 



.7665 
.7099 
.7594 
.7161 
.6228 



Test of a 18-inch. Multiply revolutions by 10. 



Whole Gate, 
Part Gate,... 

14 44 



41 
44 



44 
41 



18.38 


165 


304 


15.20 


679.07 


18.50 


160 


287 


13.91 


517.71 


18.55 


135 


291.5 


11.92 


454.00 


18.59 


105 


267 


9.30 


367.42 


18.61 


80 


315 


7.63 


338.38 



.7674 
.7702 
.7500 
.7425 
.0420 



Test of a 48.inch. 



Sent to machine shop for alterations. Multiply revolutions 
by 20. 



Whole Gate, 
Part Gate,... 



44 



44 



17.47 


1525 


90 


83.18 


3618.81 


17.65 


1000 


121 


73.33 


3110.36 


18 01 


600 


111.5 


40.54 


2127.43 



.0982 
.7088 
.5615 



Test of the 48 a second time. Keject< d by intended purchaser. 



Whole Gate, 
Part Gate,... 

44 14 



44 
44 



If 
41 



17 60 


1300 


117 


92 18 


8640.50 


17.71 


ll'O 


117 


8154 


326). 49 


17.80 


1060 


118 


7509 


2953.76 


17.94 


875 


117.3 


62.20 


2566.52 


18.17 


700 


114 3 


48.49 


2112.31 



.7030 
.7482 
.7662 
.7165 
.6701 



Tfest of a 6 t-inch. Rejected by intended purchaser. Multiply revolutions by 20 



Whole Gate, 
Part Gate,... 

44 41 



17.24 


1700 


112.6 


116,01 


4841.07 


17.42 


1600 


106.3 


103.07 


420141 


17.73 


1000 


112 


67.87 


3107.68 



.7373 
.7469 
.6686 



Clark & Chapman, Turner's Falla, Mass. 

COLEMAN -WHBE^ 
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Wm. F. Uosser & Co., Allentown, Fa. 

nnh wlic^ls. It-eulIii_bdlo>T. First irhcrl Iiml clinloii hdiI gute Biml- 



lar to Stout, Mills &Tea] 



1 Head. 
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"Exoelaior," Boland, Benedict & Co., Beading, Pa. 























mad. 


Weight 


Hfl.6 

leo" 


n.F. 

81.26 

li.tO 
3.12 




.34 


C*ut. 






k'^ 


300 














;it23 







' Rotarr Engine, or Water Wheel. 




HOLYOKE MACHINE COT^ 
3ke, Mass. 
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Holyoke Machine Co., Holyoke, Mass. 



As turbine builders, this compaay is exceptional; having no patented plan of 
their own, they stiive to find the best, then to build from that upon royalty. 
The Fourneyron Boydiu has long been a favorite, and they have undoubtedly' 
turned out some of the most perfect wheels of that kind ever constructed. 
Indeed, it is very doubtful wh -ther there is another Machine Company in the 
country that now has an euKitieer capable of makin«^ a plan for one of those 
wheels and superintfudin;; its construction to compl tion, though one or two 
other companies m ly c 'ustruct such wheels fi'om old plans. The demand for 
ch -aper wheels caused the company to arrange for buildiug the '* American tur- 
bine," which it has done for many years. For some lour years past they have 
also been building the &isdon wheel and more recently the uercules, ali of them 
well. No other builders send wheels to be tested of such uniform completeness; 
one of their wheels may stand in the flume davs, then will run as free as if just 
set. I have tested nearly or quite a hundred wheels of tbeir make, yet have 
never kuown one of them to become bound while being test«^d. As they have no 
private testing flume, h11 of their results are known ; out whf els below a reason 
able efficiency ar<' broken up, so that,uotwithstandini; the large number they 
have had tested, their avcragii percentage of useful eflTect of wheels sold has been, 
hi;her than that of any other builder. £very purchaser can hivc the exact 
cflSciency of hi^ wheel and the speed at which it should be geared (hu important 
feature), by asking to liave it tested bef«»re delivery. The lollowing card pre- 
sents the characer of the company briefly and to the point, belter than I can 

CARD TO THE PUBLIC. 

The Bisdon turbine gives the highest results ever obtained. See record of 
tests. 

Certificate* 

Becord of all the tests of the Bisdon wheels made by me for the Holyoke 
Machine Company to November 20, lb75 : 

Test. Size Tested. Full Gate 7-8 Gate 3-4 Gate 5-8 Gate 

Percentage. Percentage. Percentage. Percentage, 
81.12 77.19 67.85 



82.00 79.64 

77.31 59.43 

77.63 75.59 70.47 

75.79 70 09 65.27 

82.88 . 77.95 70.85 

75.85 



No. 


1, 


23 inch. 


87.04 




2, 


25 




85.93 




3, 


20 




79.58 




4, 


50 




80.54 




5. 


25 




85.83 




tt, 


30 




82.03 




7, 


50 




77.79 




8. 


40 




79.63 




9, 


36 




89.79 




10. 


40 




90.01 




11. 


72 




81.29 




12, 


43 




83.64 




13, 


54 


4 * 


81.99 




14, 


40 


t< 


86.86 






Average, 83.88. 





Jambs Embbsok. 

It will be observed that the flnit forty*inch wheel gave only seventy-nine per 
cent. The patterns were then changed to correspond wich the thirty-six and 
twenty-five inch wheels. The new wheel gave ninety per cent.— see test No. 10. 
We are now changing the twenty-inch and fil'ty-inch patterns, and hopo for 
equally good results. The above wheels were tested by Mr. Emerson, at the 
request of th j purchasers.' We have no testin? flume of our own, and therefore 
liave no meajs of knowing what our wheels will do until public test i«« made. 
These wheels were all of our ordinarv construction and finish. In addition to 
t'le above fourteen wheels, we tested last December a twenty-inch experimental 
wheel, which gave seventy atid eighteen one hundredths per cent. This wheel 
was condemned and no more will be made until patterns are made to correspond 
to the thirty -six and forty-inch wheels. 

From our experience we are satisfied the interest of the purchaser requires 
that wheels should be tested before acceptance, and hereafter we shall furnish 
tested wheels when desired to do so ; and if a purchaser desires to have his 
wheel tested after it is set in his mill, we will make the test there, if the pur- 
chaser will pay the extra expense incurred thereby. 



And vre bFlieva the »i 



niic&l my to funiisa : 



we nill KunriMitre to do Ih" ivork in an econsmiciiJ mnnner niid to give the mnx. 
mum otpowiT p omi'c'd by uii; bnl il muat be pUinly nnderslootl that vre do 
not proniisB to furnish a ic\vea nmount of pover witli a leu quantil; of nater 

wkaels will ran the mill It nddltiotiil micbinery it Added. 

HOLTOKI UAOHim COHFABZ. 

NoTcmber 20, ISTS. 
Tbs long cxperinice of the compmiiy eaablea It to congtract a tnrblDe in Itie 

dumbfily'^of the i,oj-deu tnrbfne,"Qd lb" diirabLlity of ih»t whe°l ""'been the 
sredleBt, often its only merit, as eotopared witb Ibe [-(GekDcy nf niodeiii tur- 
Binia. Tlia IIeicule« a Jrirmril t gi-Ilicr Ihe anme uihc Bnydei>; its chiitcs ■ 
and bncliets may be mad<^ of bronzi^ 'f d-fiied, ao ai to be quite aa durable as 
IhaLwhi^pl; but wlii'lhi-r tnadeof bronieoriron its efflcieney can be made fnr 
above Ibat of any B»ydeu wlieel ever conatriicted, wltbout «aacla){ half as mueb. 



D. P. Blackstone'a Wheel, Berlin, Wis. 



The Blackalone wheel has beenteatei in the 

Id thcLGOcl ; also, the Stout, Mills & Temple. 

Toatof a40.lnth, iuJiln 
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J. T. Case, Bristol, Conn. 
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See Repor 
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THE HERCULES TURBINE. 



PlTlimD Jah'T 11, ISlt, BT 

MeCormick A Brown, Brookfleld, Penn. 



The Heroules Tnrbine. 

Holyoke Machine Co., Holyoke, M««^ 
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interest must suffer, unless mariufaeturcrft use the gifeatest care in the selection 
of turbines. What is almost invariably needed, is a wheel that will economize 
water at any Ptage of g.tte openiDg. so that either the abundance of the spring 
and fall months, or the scarcer quantity of summer, may be utilized in full. To do 
this, turbine builders must be able to produce turbines that will give their best 
percentage at either one-half, five-eighths, three-fourths* scvcn-eighths, or whole 
gate, as may best adapt each for the place where it is to be used. Such a wheel 
should be good at any stage of gate opening, and when such can be produced 
with certainty, then turbine building may properly bo considered a science and 
not before, for such wheels are possible. Our rivers and streams are all 
extremely variable in supply of water— that of the summer months often belhg 
less than one-fourth of what it is for the rest of the year; and three-f6urths of 
the larger quantity is almost invariably allowed to run to waste, because wheels 
of sufficient capacity to uti izo the maximum have generally proved to be inca- 
ble of transmitting any power from the use of the minimum supply. Turbines 
have been so extravagant in the use of water at part gate that there are many 
old mill men who still believe the overshot wheel to be superior to it where the 
supply is variable. Much of this is prejudice; for the overshot loses too much 
head at the start and is too heavy to be able lo transmit the highest percentage 
of useful effect possible, or as high as has been done by turbines made by various 
builders. Such believers often talk about the overshot being better adapted 
than the turbine to run from the natural stream where there is no pond, as the 
overshot takes all the water there is, whatever the quantity ; but it must be obvi- 
ous to all that under such conditions the speed must vary according to the sup- 
ply, unless the work is changed, and that may be done with the turbine quite as 
well as with the overshot. The patentees of the Hercules have been unwearied 
in their efforts to perfect their plans in order to produce wheels that shall leave 
no chance for doubt as to their efficiency, compared with the overshot or turbines 
of any other make. I have tested fifty-five wheels of their planning. These have 
varied exceedingly in useful effect, for many changes have been tried; but even 
their lowest, starting at fifty-eight at whole, ronnding up into the seventies at 
three-fourths, then falling to sixty per cenc. at half gate, presented an arch or 
** bow of promise," significant of the possibilities of their plans, and of the tnr« 
bine. The high results obtained from the first lot of wheels tested, caused the 
patentees to look upon turbine building as a very simple matter, but two years of 
hard experience have been useAil in bringing settled plans, and their latest wheels 
have returned to the eighties in useful effect. . The three kinds of buckets, iUns- 
trated on preceding page, have been tried, but the No. 1 proved by far the best*' 
and that alone is now used. The buckets are cast separate and framed in, and 
may be made of brass or bronze if desired. As predicted in my first report of 
the Hercules, others have made attempts to emulate. The Stilwell & Bierco 
Manufacturing Company of Dayton, Ohio, have made a great advance towards 
the Hercules results. The Hunt Machine Company of Orange, and E. G. Lihby 
of Medford, Mass., have also produced wheels of much greater capacity than were 
supposed possible a few years since. The Hercules, however, still stands abore 
any other yet produced. I do not mean that a purchaser would be sure of the 
highest results by taking a Hercules at random, for those made by several other 
builders might prove quite as effective ; but I do mean that the plan of the Her* 
cules offers the highest possibilities ever yet produced by a turbine water wheeL 



Viotor Turbine. 




Stllwell & Bi9roe Manufaoturii^ Co., 
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of their daims, published fables at least ftiUy up to the capacity of their wheels, 
the tables of tiwain und Houston being compu.ed upon a supposd useful efibcK 
of 80 per ceut. of the water used; those of the Leffel at 88. Under 18 feet head, 
the Swain, 15^ inch, is tabled to give 13>^ h. p.; the Houston, 15 inch, 8>i ; and 
the Leffel, 15>^ inch, 11.1 h. p. ; while the Victor, 15 inch, as may be seen by the 
test herewith annexed, under 18.34 head, actually gave 29.36 h. p , and a ustful 
effect of .8803 per cent. 

There can be no ^question but what the Victor, with the exception of the Her- 
cules, has taken a position in Hdvancc of all other turbines — not because the same 
efficiency of useful effect may not be obtiiint. d by < ther wheels, but because at 
the same cost no other wheel can be made to transmit the same amount of power. 
Instead of acting the part of Mrs. Partington in otiposing the inevitable, it will 
be well for turbine builders to accept the fact and strive to do siill better, for the 
turbine is a long way from being the perfect engiue it may be made. The tests 
will show that Mr. Stilweli has steadily improved, showing coiiclu ively that the 
wild variations of other builders arc owiui; to the lack of settled plans. At pai t 
C^ate the Victor is ab.iut as good as the average, but it would be well for Mr. Btil- 
well to trv a thinner fihell next his wheel so that the ^ate opening mav be- as near 
as possible to the wheel. The suj^g^sion wi!l bo best understood by oDserviDgthe 
fillmg of a bottle, or what is better, the filling of a canal through a small head 
gate, where the river m-iv be several feet hi'.;her than the surfooe of the canitl : 
yet the i>ower due thtit difference is used up by passing through the small head 
gate, or in the inertia of the water in the canal, s* that the part gate efficiency 
of a wheel must be somewhat in proportion to the size of the chamber insido 
of the gate. 



Test of a 25.inch wheel, July 25, 1877. 



Whole Gate,. . . 
Part Gate 



(« 



«( 




Kevolu« 
tions. 


Horse 
Power. 

56.81 
54. 

47. -.'7 


Cubic ft. 

2214.55 
2208.44 
1964.67 


Percent* 
ftge. 


203 
193 

203 


.75^ 
.7192 
.7042 



Test of a 20.inch wheel, July 26, 1877. 





Head. 


Weight. 


Ilevolu> 
tiotis. 

246 
26d 
246 

246 


Horse 
Power. 


Cubic ft. 


Percent* 
age. 


Whole Gate,.... 

Part Gate 

ti «« 

*• *• ! . . . ! 


18.33 

18.41 

18.43 

T.97 


500 

425 

890 

75 


87.27 

34.64 

29.07 

5.59 


1387 27 

1284.30 

1145.59 

757.93 


.7777 
.7774 
.7306 
.4911 





Test of a 2D-inch wheel, Feb. 21, 1878. 








Head. 


Weight. 


Revolu- 
tions. 


Honte 
Power. 


Cubic ft. 


Percent* 
age. 


Whole Gate, . . . 
Part Gate, 

•( If 


18.01 
18.08 
18.28 
18.40 

18.58 


4<^0 
415 
810 
240 
100 


266.5 

265 

266 

263 

271.5 


38.76 
33.32 
24.98 
19.12 
8.33 


1362.39 

1242 03 

1014 03 

870.79 

602.23 


.8363 
.7853 
.7134 
.68:0 
.3041 





Test of a 154nch wheel, March 26, 1878 


• 






Head. 

13.34 
18.10 
18.39 
18.74 


Weight. 


Bevolu* 
tions. 


Horse 
Power. 


Cubic ft. 


Percent- 
age. 


Whole Gate,. .. 

Part Gate, 

•1 i« 


300 
300 
160 
100 


323 
321.5 
326.5 
320 


29.36 

29.22 

15 83 

9.09 


974 
970 
755 
492 


.8705 
.8808 
.6035 
.5220 





TMt 


or ■ 2D-Incli vbMl, Oct. IS, 1S78 








Hp.d. 


"'e'='"- 1 ti ..,.." 1 Power. 


Cable tt. 


■ge. 


WboieGiite,.... 
P.rtGMB 


ill 


1 


2IJ.S 


If 




.85*4 

.sua 

,8710 





Te« 


of » 30-Li.c 


wlietl, 


I. a* 1B7S 








Hc»d. 


WciRht. 




fc 


Cubic ft. 


»ge- 












T*n(J,M^ 


1W 




I42S 


w'g; 


2156.38 


,1669 


















la.iu 




1445 




1M1.S1 


.63W 



BoUpse Doubis luroine, Manufaoturod by the sttm« Oo> 





Ilcid. 


r.^",'/ 


U.P. 












































j^:i^ 


il. 


ia:n 


^ 





Boy den Turbine, 



[n the parcbua of this tit 



tbe tiiDES; ID purchBSiDg *n/ otber kind of Carbine Ibe purchiwcr nltnosl iiiTH- 
riibly mike* foquiriw in order to g-t Ibe bestj th" Bojdc.i aeekcr jnakei do 
tiiiidrjea except, parbaps, ii> lo capieit; nod coni, supposing ill lo be alike as to 

reaS'oTlo douM^'but «hal u ffbol? "hM m o.^w'slrf'Sarge Bhirl'mV h^ 
male to ei™ a high useful offset, b ic every Intplllgeut torbind builder knows 
thuofall wheels the outward disdiarge la the nio!t diflicuH lo get just i ight ; 
alio, [hat good pirt gate results are Impo-sible with such iliach.iree. llierc are 
Tugue ruinors or reianrkable results i^talned by Mr. I ojdcu, as there err ol 

when the whi^ela are test.d by cnmpEtent dialuivrcaled eiiclDeen. Of four Boy- 
den wheels i-itud In a Connectleut mUl, thtrewere fcund lo be giving 48 per 
cnt, u>«rnl effect, the fourlli gave 47. At UnloBTilla, t'oiin., Pliilner i Porter 
Mf'g Co.. a test of one gave el per cent. The wheel was buUt hj the Ames Urg 
Co.. of CblcDpec, nd is named in a recent circular of that Company id commen. 
dation of that atyl - of tarbine, A niee brn<s b 'cket wheel, made by the s:ime 
CampanyinlHTI, 7! Inches in diameter. SI apenlngs, each 7.!« Inches in height, 
l)i inches In width, rated lo di-oliBrgB mm cable feet of water underWTeet 



.i^i^„: 


b.'l .IV ■ 


' 


' 












2310 


Weight 




Power. 


Cu 


left. 


age. 


Whole Gate,... 
Part Gale 


E 


98 


ilos 


S 


ill 
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Humphrey Turbine. 



M«nufaotur«d by th« Humphrey Machine Co.» Keene» K. H. 

Of all the turbine builders extant, perhaps excepting: J. P. Collins of Norwich, 
Ct., tliere is no other probably that can be named, so immenselv scientific and so 
boiling over with theories as is Mr. Humphrey. The tests below will aid the 
reader to judge whether such theories are practically beneficial. In placing the 
21.inch wheel reported below, a Collins' brass buctcct wheel was removed, and 
advantaareously so, I believe, it was admitted. The Humphrey wheel has down- 
ward and outward discharge, register gate. Tests of three of the wheels 
for Bawitser Ss Brother, Stafford Springs, Conn., Nov. 1878. These wheels 
were manufactured, fitted for their positi ns, set b^ the Humphrey Machine Co., 
and have been in use but a fow months. A wi ir was constructed for each ol 
the wheels. These weirs were of less capacity than desirable, but if there were 
any errors in measurements through this hick of capacity, such errors would bo 
entirely in favor of the wheels. £ach wheel was thorou^^hly cleaued, previous 
to its test. 





Test of 42-inch wheel, Nov. 13, 1878. 








Head. 


Weight. 


Rev. 


Horse 
Power. 


Wiir. 


Cubic 
Feet. 


Per- 
centage 


Whole Gate 

It 

PSrt Gate. 


5.00 
5.00 
5.30 
5.45 


375 
400 
225 
325 


68 
64 
62.5 
65 


7.72 
7.75 
4.26 
6.40 


1.005 

1.000 

.755 

.870 


1167.34 

1167.34 

766 65 

944.59 


.7000 
.7023 
.555 


<< 


.6582 



Test of 24. nch wheel, Nov. 15, 1878. 





Head. 


Weight. 


Eev. 


Horse 
Power. 


Weir. 


Cub'c 
Feet. 


Per- 
centage 


Whole Gate, 

Part Gate. 


29.00 
29.00 
29.00 
29.00 
29.50 
29.50 


135 
150 
175 
200 
150 
115 


820 
810 
291 
265 
293 
270 


13.09 
14.09 
15.43 
16 06 
13.31 
9.41 


1.028 
1.030 
1.032 
1.077 
.921 
.750 


589.98 
591.60 
593.26 
629 84 
497.26 
269.86 


.4051 
.4348 
.4748 
.4655 
.4803 


u 


.4566 









Test of 2l.inch wheel, Nov. 17, 1878. 








Head. 


Weight. 


Rev. 


Horse 
Power. 


Weir. 


Cubic 

Feit. 


Per- 
centage 


Whole Gate, 

Part Gate. 


47.00 
47.00 
47.00 
47 00 
47 00 
47.00 
47.00 
47.00 


350 
800 
275 
250 
225 
200 
125 
85 


379 

403 

424 

435 

455 

462.5 

44-^.6 

416.6 


40.20 
36 63 
35.33 
32 95 
31.02 
28 03 
16 91 
10.73 


1.300 
1.290 
1.284 
1.272 
1.242 
1.230 
.094 
.852 


824.72 
815.49 
800.42 
798.99 
773.00 
762 76 
554.55 
444.61 


.5401 
.5060 
.4972 
.4646 
.4520 
.4139 
.8434 


i« 


.2718 







In the mill where the 24-inch wheel is used the main line of shaftiuGr is designed 
to run 100 revolutions per minute; the gears connecting the wheel are one to 
three, consequently Mr. Humphrey prepared the wheel to run 300 revolutions 
per minute under 32 fret head. 

The main shaft in mill where the 21 inch wheel is used is arranged in connec- 
tion with the machinery used to run at 160 revolutions per m nute. This shaft is 
connected to the wheel by gears, one to three, consequently, the wheel was pre- 
pared to run at a velocity of 480 revolutions per minute. It will bo seen, how- 
ever, by the tests, that Mr. Humphrey was very wild in his calculations for 
speed. 



List of Wheels Tested. 



Thote having a atar placed b^ore name are apeciaUy reported^ 

^AxEBiCAK, Stout, Mills ft Temple, Dayton, Ohio. The best of the early 

wheels. 

*Ail6BLL, Providence, B. I. Double discharge, central and down* Buckets 
cast separate, then bolted to hub, very apt to shear off. Fly trap gates, yery 
leaky; is steadier, giyes more power and higher useful efibct with central dia- 
eharge stopped. 

Arrowsxith, Lockport, N. Y. Central discharge with sheets of steel 
extending the inner edge of buckets until they met like the sides of a wedge 
upon the supposition that at purt gate the pressure of water would regulate the 
op?ning, and produce high percentage at any stage of giite. The plan was a fail* 
ure. Highest useful effect, 68 per cent. 
*Bi7RNHAM, York, Pa. Downward discharge. Outside register gate. 
*BoTDBN FoURNBYROK. Made at Chicopee, Holyoke and other places. Out- 
Trard discharge. Poor at part gate and of small capacity for diameter. Useful 
effect of those I have tested has varied from 46 to 85 per ceiit. 

BuzzBLL, St. Johnsbury, Vt. Scroll. Downward discharge. So arranged 
that proportionally it gives good part gate results. Highest percentage, 66 per 
cent. 

BaSTlOK, Canton, N. Y. Similar to the Curtis, but I think not manufactured 
now. Tested one with wicket gate in draft tube below the wheel, which proved 
the plan to be bad. With register gate, li(>hest useful effect, 70 per cent. 

Bbb, Lancaster, Mass. Downward di^'charge. Babbitted in the upper bear- 
ing, and became bound while being tested, so that 58 per cent., the highest 
result obtain d. was no indication of what the wheel would have done if it had 
been in a proper condition. 

Bbtant Bbo's., Westchesterfield, Mass. Downward discharge. Gave 65 per 
cent. 

Brtson Turrett, Miles Greenwood, Cincinnati, Ohio. Down and central. 
75 per cent. Not manufactured now. 

Bi^KB,Peppereli, Muss, Scroll. Obsolete. 50 per cent. 

*Barbbr, Ballston Spa, N. Y. 70.29 per cent. 

^Blackstonb, in Elmer, Leffel and American curbs. See special reports. 

BODINB JoNVAL, Mount Morri«, N. Y . If made at all. 76 per cent. 

O^BOLLINOBR, York, Pa. Central discharge. 70 per cent. 

*Cox, Ellsworth, N. Y. Double, downward discharge. 70 per cent. 

*CA8B, National Water Wheel Co., Bristol, Conn. See special report. 

*CAaib, Orange, Mass. See repc. t. 

CusHMAN, Hartford, Conn. Scroll. 60 per cent. Discharge up and down. 

*COLBMAN, Turner's Falls. 

^Curtis, Ogdensburg, N. Y. 
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Cook, Lake Village, N. H. Has had seyeral kinds tested, but builds upon a 

different plan now. llighe'«t useful effect of thv>se tri^d, .7752 per cent. 

CH4PMAM, Clark & Chapman, Turner's Falls, Mass, Highest efficienc7,62 per 
ceut. 

^EcLiPSK, Stilwell & Bierce Mauf 'g Co., Dayton, Ohio. 

Gbow, Dubuque, Iowa. 69 per cent. 

GiLLESPiB, Turner's Falls, Mass. Two wheels upon horizontal shaft. Fonr- 
neyron wheels. 54 per cent. 

Crben, Juda, Wis. 50 per cent. 

Gbtlimb, Philadelphia, Pa. Jonval wheels. Telescopic gate below wheels. 
66 per cent. 

HOLMAN, Adams, X. Y. 47 per cent. 

HuKXiMO Bird, Willis Bead, Danbury, Conn. Two. One central, one down- 
wai-d discharge. 62 per cent. 

^Houston, Beloit, Wis. Has had many wheels tested. Useful effect, ranging 
from .774 to .9006 per cent. Gate works yery hard, and is poor at part gate. 

*Hbbculb8, Holyoku, Mass. See special report. 

*H0LT0KB Machinb Co., Holyoke, Mass. See special report. 

^HuNT, Orange, Mass. See special repoit. \ 

^HuMPHRET, Humphrey Machine Co., Keene, N. H. 

KiNDLBBBROBR, dncionati, Ohio. .6246 per cent. 

Kmowlton, Saccarappa, Maine. 69 per cent. Abandoned. 

Lbatitt, Lebanon, N. H. .637 per cent. 

LuTHBR, Iowa. Scroll. 70 per cent. ' 

*Lbfpbl, Springfield, Ohio. Have tested many of them. Useful effect varied 
from 40 to 79 per cent. 

*Lucas, Hastings, Minn. See special report. 

*LiBBY, Medford, Mass-. See special report. 

Lesnbr, Fultonyille, N. Y. Central discharge. Central discharge wheels are 
behind the age. 

*MULLIKIN, Lansing, Iowa. See special report. The wheel is yery poorly 
made. 

*MossBR, Ailentown, Penn. See special report. 

Mallbry, Dryden, N. Y. .769 per cent. 

^National, Josiah Buzzby, Crosswicks, N. J. .676 per cent. Complicated 
gates. 

^National, Bristol, Conn. See special report of the Case wheel. 

*Pbrrt, Bridgtou, Maine. See special report. 

Platt, New Brighton, Pa. Two wheels upon a horizontal shaft. .585 per 
ceut. 

Ranet, New Castle, Penn. Became bound in its stuffing box wbile being 
tested, so that the test was no iudication of wbat it would have dox.e if it had 
been well constructed. Useful effec , per test, .667 per cent. 

*BiSDON, Mt. Holly, New Jersey. See special report. 

Beynolds, Oswego, N. Y. Scroll. 50 pvT cent. 

BsASER, Milwaukee, Wis. Flutter wheel placed on end between plates; 
would not run its own weight to speed. 

Sherwood, Independence, Iowa. A Foumeyron, 63 per cent,, and a down- 
waid discharge. .761 per cent. 

*SwAiN, North Chelmsford, Mass. See special report. 

^SxiTH, York, Pa. See special report. 
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Steyxnson, New York Qty. Two Jonval wheels placed together, one dis- 
charging downward the olhor upwards, the upper discharge passiug iuto a dome 
**or Tacuum," then downward in an annular tube, as shown in the Fulton A 
Myers' plan, which i.s illostrated in the group of perpetual motion inYenClons. 

^Small, Urbana, Ohio. See report. 

Stetson, Fitchburg, Mass. Central and downward discharge, cegister gates, 
not m.mufactured now. .703 per cent. 
. *Stowb, Newark, New Jersey. 

Staples, Boston, Mass. Central discharge, three dirisions. With a cylinder 
gate raised by a screw similar to that of tlie Hercules ; the object of the three 
divisions of tho wheel was to gain high part gate results, as it was supposed that 
either division would give as high results as the whole combined. Highest 
results obtained, 77 per cent. 

Tbullingbb, Oswego, Oregon. Discharge down and up into a vacuum like 
6tevenson*s. 70 per cent. 

Ttleb, Claremont, N. H. Old scroll, useful effect ranged from 50 to 67 per 
cent. 

*Ttlbb. New scroll and flume wheels. See special reports. 

Teller, Fort Plain, N. Y. Wheel in divisions like the Staples and for the 
same purpose. Useful effect, .645 per cent. 

Tbbrt, Terry viUe, Ct. Boyden or Foumeyron with two register gates, one 
inside of chuies, the other outside. 68 per cent. Abandoned* 
« *ToTTLB, Waterville, Maine. 68 per cent. 

TiCB, Cincinnati, Ohio. Be-iavention of the old Schicle wheel, illustrations of 
ic may be found in Wiesbach's or almost any othv-r work treating of turbines 
twenty years since. 

'^Thompson, Springfield, Mo., and Silver Creek, N. Y. 

*Twitchell, Pulaski, N. Y. See undjr the head of Perpetual Motion. 

Upham, Worcester, Mass. Central discharge, tried in scroll, also in flume 
curb. 72 in scroll. 68 per cent, in flume curb. Abandoned. 

*Uphak & LiBBT. See special report. 

*ViCTOB, Stilwell & Bierce Manf g Co., Dayton, Ohio. 

Yandewatbb, Bochester, N. Y. Downward discharge, cylinder gate.* .778 
per cent. Wheel struck bad in curb while being tcated. 

Watson Jonval, Paterson, N. J. Old. 49 per cent. 

♦Walsh, Waupaca, Wis. 

♦Whitnbt, Leominster, Mass. Old plan in flume and scroll curbs abandoned. 
Percentage of scroll, old wheel, 40 per cent. Flume, 72. For new plan, see 
special report. 

Wagnbb, Chicago, HI. Foolishly complicated in discharge and limited 
capacity. Highest useful effect, .738 per ceut. 

Wheelbb, Berlin, Mass. Central ajd downward discharge; but did best 
every way with csntral discharge stopped with blocks. Discharge, d the same 
quantity of water after blocking central discharge. .745 per ceut. Not manu- 
factured now. 

♦Wtnkoop. See special report. 

*Wbtmobb, Clarcmout, N. U. See special report. 

*Wolt, Allentown, Pa. In taking one of tho make apart, a few days since, 
many small pieces were found that were used for blocking up giitc suspension. 
Such pieces are very liable to get lost and might, with little trouble, be rendered 
nim^cessary, by canting projpcting pieces on the surfaces. "Patchwork" is 
objectionable in tui'biue building S. c special report for efficiency. 
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TABLES 

FOE FACILITATING THE COMPUTATION OF THE QUANTITY OF 

WATEB FLOWING OVEK WEIRS. 

Table I. 

To attain the greatest exactness, it is necessary to take account of the veloc- 
ity of the water approaching the weir. The method adopted at Lowell for 
this purpose is to make a correction for it in the observed depth on the weir, 
by the formula f» q « 

B^ [(i?+A)*-A*]f; 

in which 

J7» the observed depth on the weir. 

A B the head due the mean velocity approaching the weir. 

B'^ the corrected depth on the weir. 

By developing into series and omitting the terms containing powers of g 

above the first, h being always very small, relatively to J7, this formula may, 
without sensible error, be put under the simpler form, 



B'~ff+h-i^f 



The mean velocity of the water approaching the weir Is usually found, with 
sufficient exactness, by computing tne discharge, approximately, from the ob- 
served depth on the weir, and dividing it by the section of the channel ap« 
preaching the weir, the quotient being the velocity; the head due this velocity, 
or h, is found by Table I., which is computed by the formula, 

h — , 

In which 

r= the mean velocity. 

^ = the velocity acquired by a body at the end of the first sec- 
ond of its fall, in a vacuum ; its value, for Lowell, beintf 
32.1tl8. 

Table II. 
This is computed by the formula 

C = 3 33(L-0.1n ff) iT* 

in which 

Q — the quantity of water discharged, in cubic feet per second. 

L — the length of the weir in feet. 

H=* the depth on the weir in feet, being the height of the surfkcd 
of the water above the top of the weir, taken fkr enoueh 
from the weir to be unaffected by the curvature caused By 
the discharge, and corrected, if necessary, for the velocity of 
the water approaching the weir. 

n es the number of end contractions. 

In computing the table, L is taken equal to 1, and n equal to 0. 

The actual length of the weir being known, it is to be corrected for the end 
contractions, if any, by deducting from it one-tenth of the depth on the weir 
for each end contraction. If the length of the weir is the same as the width 
of the canal approaching it, there is no end contraction, and of course nothing 
to be deducted from the length of the weir. The discharge, as given by the 
table, multiplied by the length of the weir, corrected, if necessary, as above» 
gives the quantity of water discharged by the weir. 



Weir Tables. 



These tables were computed by the Francis* formula, from Ecro up. The 
experiments upon which that formula was prepared were not extended below a 
depth of .500 of a foot, but it is often necessary to use it at a much less depth; 
and experience proves it to be sufficiently accurate for all practical purposes. 

The tables for the one foot weir are calculated for weir without contraction ; 
consequently, by using those in connection with the others, by addinj; to or sub- 
tracting from, the quantity flowing oyer a weir of any length, may readily be 
found. 



]>eptb 




















on 
•Weir. 


2 Feet. 
.013 






LBNOTH OF 


THE WEIB. 






Feet. 


3 Feet. 


4 Feet. 


6 Feet. 


7 Feet 


8 Feet 


10 Feet 


12 Feet 


16 Feet 


20Feet 


.001 


.019 


.025 


.038 


.044 


.051 


.063 


.076 


.101 


.127 


.002 


.046 


.067 


.064 


.134 


.154 


.179 


.224 


.268 


.358 


.476 


.003 


.077 


.115 


.103 


.230 


.264 


.307 


.385 


.460 


.615 


.823 


.OW 


.109 


.163 


.142 


.326 


.374 


.435 


.M7 


.653 


.872 


1.171 


.005 


.141 


.212 


.281 


.424 


.494 


.565 


.709 


.847 


1.130 


1.410 


.006 


.194 


.289 


.384 


.542 


.674 


.775 


.966 


1.157 


1.543 


1.927 


.007 


.247 


.366 


.487 


.661 


.854 


.981 


1.223 


1.467 


1.956 


2.444 


.008 


.301 


.443 


.691 


.780 


1.034 


1.188 


1.481 


1.777 


2.369 


2.967 


.009 


.355 


.521 


.695 


.899 


1.214 


1.375 


1.739 


2.087 


2.782 


3.478 


.010 


.409 


.599 


.799 


1.018 


1.397 


1.598 


1.997 


2.397 


3.196 


3.616 


.011 


.46 


.74 


.93 


1.24 


1.87 


1.86 


2.33 


2.79 


3.71 


4.666 


.012 


.52 


.83 


1.06 


1.47 


2.10 


2.21 


2.67 


3.19 


4.22 


6.33 


.013 


.59 


.92 


1.19 


1.71 


2.34 


2.40 


3.01 


3.59 


4.74 


6.00 


.014 


.66 


1.01 


1.32 


1.95 


2.57 


2.67 


3.35 


3.99 


6.25 


6.67 


.016 


.73 


1.10 


1.46 


2.20 


2.84 


2.94 


3.69 


4.40 


6.87 


7.34 


.016 


.81 


1.21 


1.62 


2.43 


3.06 


3.25 


3.94 


4.87 


• 6.60 


8.13 


.017 


.89 


1.33 


1.78 


2.66 


3.28 


3.56 


4.46 


6.34 


7.13 


8.92 


.018 


.97 


1.45 


1.94 


2.90 


3.50 


3.87 


4.84 


6.81 


7.76 


9.97 


.019 


1.05 


1.57 


2.10 


3.14 


3.72 


4.19 


6.24 


6.28 


8.40 


10.50 


.020 


1.13 


1.69 


2.27 


3.38 


3.95 


4.51 


6.64 


6.76 


9.04 


11.30 


.021 


1.22 


1.82 


2.44 


3.65 


4.26 


4.87 


6.09 


7.29 


9.75 


12.19 


.022 


1.31 


1.95 


2.61 


3.92 


4.57 


6.23 


6.54 


7.83 


10.47 


13.09 


.023 


1.40 


2.08 


2.78 


4.19 


4.88 


6.59 


6.99 


8..37 


11.19 


13.99 


.024 


1.49 


2.22 


2.95 


4.46 


6.20 


6.95 


7.44 


8.91 


11.91 


14.89 


.025 


1.58 


2.36 


3.12 


4.73 


6.52 


6.31 


7.89 


9.46 


12.63 


16.79 


.026 


1.67 


2.51 


3.32 


5.02 


5.86 


6.70 


8.38 


10.05 


13.42 


16.78 


UI27 


1.77 


2.66 


3.52 


6.32 


6.20 


7.10 


8.88 


10.65 


14.21 


17.77 


.028 


1.87 


2.81 


3.72 


6.62 


6.55 


7.50 


9.38 


11.25 


15.00 


18.76 


.029 


1.97 


2.96 


3.93 


5.92 


6.90 


7.90 


9.88 


11.85 


15:80 


19.75 


.030 


2.07 


3.11 


4.14 


6.22 


7.25 


8.30 


10.38 


12.46 


16.60 


20.75 


.031 


2.17 


3.27 


4.37 


6.52 


7.63 


8.74 


10.91 


13.10 


17.46 


21.83 


.032 


2.28 


8.43 


4.60 


6.82 


8.01 


9.18 


11.45 


13.74 


18.32 


22.91 


.033 


2.39 


3.59 


4.84 


7.13 


8.39 


9.62 


11.99 


14.39 


19.18 


23.99 


.034 


2.50 


3.75 


5.08 


7.43 


8.77 


10.07 


12.53 


15.04 


20.06 


26.17 


.035 


2.61 


3.91 


5.22 


7.84 


9.15 


10.62 


13.07 


15.69 


20.92 


26.16 



no 



Depth 






















on 
Weir. 








LRNOTH 


OF THB 


! WEIR. 








Feet. 


2 Feet 


3 Feet 


4 Feet 


6 Feet 


7 Feet 


8 Feet 


10 Feet 


12 Feet 


16 Feet 20Feet. 


.036 


2.72 


4.08 


6.45 


8.18 


9.55 


10.97 


13.64 


16.38 


21.84 


27.31 


.037 


2.83 


4.25 


6.68 


8.53 


9.95 


11.42 


14.21 


17.07 


22.77 


28.47 


.038 


2.95 


4.42 


6.91 


8.88 


10.35 


11.87 


14.78 


17.76 


23.71 


29.63 


.039 


3.07 


4.60 


6.14 


9.23 


10.76 


11.32 


15.35 


18.46 


24.64 


30.79 


.040 


3.19 


4.78 


6.38 


9.58 


11.17 


12.77 


15.93 


19.16 


25.56 


31.95 


.(Ht 


3.31 


4.96 


6.62 


9.94 


11.60 


13.26 


16.55 


19.90 


26.54 


33.18 


.(m 


3.43 


5.14 


6.86 


10.31 


12.03 


13.75 


17.17 


20.64 


27.63 


34.41 


.043 


3.55 


5.32 


7.11 


10.68 


12.47 


14.25 


17.80 


21.38 


28.62 


35.66 


.OM 


3.67 


5.51 


7.36 


11.05 


12.91 


14.75 


18.43 


22.12 


29.61 


36.89 


.045 


3.80 


5.70 


7.61 


11.42 


13.35 


15.26 


19.06 


22.88 


30.50 


38.13 


.046 


3.93 


6.89 


7.87 


11.81 


13.80 


15.76 


19.71 


23 66 


31.54 


39.43 


.047 


4.06 


6.08 


8.13 


12.20 


14.25 


16.28 


20.36 


24.44 


32.58 


40.73 


.048 


4.19 


6.27 


8.39 


12.59 


14.70 


16.80 


21.01 


25.22 


33.62 


42.03 


M9 


4.32 


6.47 


8.66 


12.98 


16.16 


17.32 


21.66 


26.00 


34.(57 


43.34 


.050 


4.45 


6.67 


8.93 


13.38 


15.69 


17.84 


22.32 


26.78 


35.72 


44.65 


.051 


4.58 


6.87 


9.20 


13.79 


16.09 


18.39 


23.00 


27.60 


36.81 




.052 


4.71 


7.07 


9.47 


14.20 


16.57 


18.94 


23.68 


28.42 


37.90 


47.39 


.063 


4.84 


7.28 


9.74 


14.61 


17.05 


19.49 


24.36 


29.24 


39.00 


48.76 


.OM 


4.99 


7.49 


10.01 


16.02 


17.53 


20.04 


25.05 


30.06 


40.10 


50.14 


.055 


5.13 


7.70 


10.28 


15.43 


18.01 


20.59 


25.74 


30.90 


41.20 


61.52 


.056 


5.27 


7.91 


10.66 


15.86 


18.51 


21.16 


26.45 


31.76 


42.35 


52.95 


.057 


5.41 


8.12 


10.84 


16.29 


19.01 


21.73 


27.17 


32.62 


43.50 


54.38 


.058 


5.55 


8.33 


11.12 


16.72 


19.51 


22.30 


27.89 


33.48 


44.71 


55.81 


.059 


6.69 


8.55 


11.41 


17.15 


20.01 


22.87 


28.61 


'M.'M 


46.86 


57.24 


.060 


5M 


8.77 


11.71 


17.58 


20.52 


23.45 


29.33 


35.20 


46.96 


68.69 


.061 


6.98 


8.99 


12.00 


18.02 


21.04 


24.04 


30.07 


36.09 


48.16 


60.18 


.062 


6.13 


9.11 


12.30 


18.46 


21.56 


24.64 


30.81 


36.99 


49.37 


61.68 


.063 


6.28 


9.33 


12.60 


18.91 


22.08 


25.24 


31.56 


37.89 


60.58 


63.18 


.064 


6.43 


9.56 


12.90 


19.36 


22.61 


25.84 


32.31 


38.79 


61.79 


64.68 


.065 


6.58 


9.89 


13.20 


19.81 


23.14 


26.44 


33.06 


39.69 


53.00 


66.18 


.066 


6.73 


10.12 


13.50 


20.27 


23.68 


27.06 


33.83 


40.62 


64.23 


67.73 


.067 


6.88 


10.35 


13.81 


20.74 


24.22 


27.62 


'MS\ 


41.55 


65.46 


69.28 


.068 


7.03 


10.58 


14.12 


21.21 


24.76 


28.24 


36.39 


42.48 


66.69 


70.83 


.060 


7.19 


10.81 


14.43 


21.68 


25.30 


28.86 


36.17 


43.41 


57.92 


72.39 


.070 


7.35 


11.04 


14.74 


22.15 


25.85 


29.55 


36.96 


44.35 


59.16 


73.95 


.071 


7.51 


11.28 


15.06 


22.63 


26.41 


30.19 


37.75 


45.31 


60.46 


76.65 


.072 


7.67 


11.52 


15.. 8 


23.11 


26.97 


:{0.83 


38.65 


46.28 


61.77 


77.15 


.073 


7.83 


.11.76 


15.71 


23.59 


27.53 


31.47 


39.36 


47.25 


63.08 


78.75 


.074 


7.99 


11.98 


16.03 


24.07 


28.10 


32.12 


40.17 


48.22 


64.38 


80.36 


.075 


8.15 


12.25 


16.35 


24.56 


28.67 


32.77 


40.98 


49.19 


65.60 


81.97 


.076 


8.31 


12.49 


16.68 


25.05 


29.25 


33.43 


41.81 


50.18 


66.93 


83.64 


.077 


8.47 


12.74 


17.03 


25.55 


29.83 


34.09 


42.64 


51.18 


C8.26 


85.31 


.078 


8.63 


12.99 


17.38 


26.05 


30.41 


34.75 


43.47 


62.18 


69.59 


86.99 


.079 


8.80 


13.24 


17.73 


26.55 


30.99 


35.42 


44.30 


63.18 


70.92 


88.67 


.080 


8.97 


13.49 


18.01 


27.05 


31.57 


36.09 


45.14 


64.18 


72.26 


90.35 


.081 


9.14 


13.74 


18.35 


27.56 


32.17 


36.77 


45.99 


65 20 


73.63 


92.06 


.082 


9.31 


13.99 


18.69 


28.07 


32.77 


37.46 


46.85 


56.23 


75.00 


93.78 


.083 


9.48 


14.24 


19.03 


28.59 


33 ..37 


38.14 


47.71 


57.26 


76.37 


96.50 


.084 


9.65 


14.49 


19..37 


29.01 


33.97 


38.83 


48.57 


58.29 


77.74 


97.22 


.065 


9.82 


14.75 


19.72 


29.62 


34.58 


39.52 


49.43 


59.32 


79.13, 


98.M 


.086 


9.99 


15.01 


20.07 


30.15 


36.19 


40.22 


60.31 


60.38 


80.&1 


100.71 


.087 


10.16 


15.27 


20.42 


30.68 


35.81 


40.92 


61.19 


61.44 


81.95' 


102.48 


.088 


10.33 


15.54 


20.77 


31.21 


36.43 


41.63 


62.07 


62.50 


83.87 


104.28 


.089 


10.51 


15.81 


21.12 


31.74 


37.05 


42.34 


52.96 


63.56 


84.79 


106.02 


.090 


10.69 


16.08 


21.48 


32.27 


37.67 


43.05 


6:^.84 


64.63 


86.21 


107.80 


.091 


10.87 


16.a'$ 


21.84 


32.81 


38.30 


43.77 


64.75 


f»5.72 


87.66 


109.62 


.092 


11.05 


16.62 


22.20 


33.35 


38.93 


44.50 


6.'S.66 


66.81 


89.11 


111.44 


.093 


11.23 


16.89 


22.66 


33.89 


39.57 


45.23 


56.67 


67.90 


90.57 


113.26 





Ill 



Depth 






















on 








L1CKOTH OF THE WEIR. 








Feat 


8 F«et 


8 Feet 


4 Feet. 


6 Feet 


7 Feet 


8 Feet 


10 Feet 


12 Feet. 


16 Feet 


20 Feat 


.(m 


11.41 


17.16 


22.92 


34.44 


40.21 


45.96 


67.48 


68.99 


92.03 


116.08 


.095 


11.58 


17.44 


23.29 


34.99 


40.85 


46.69 


58.39 


70.09 


93.49 


116.90 


.096 


11.76 


17.77 


23.66 


35.55 


41.60 


47.43 


59.32 


71.21 


«Fk*<W 


118.78 


.097 


11.94 


17.99 


24.03 


36.11 


42.15 


48.17 


60.25 


72.33 


96.47 


120.66 


.098 


12.18 


18.27 


24.40 


36.67 


42.80 


48.92 


61.18 


73.46 


97.96 


122.54 


.099 


12.32 


18.55 


24.77 


37.23 


42.46 


49.67 


62.12 


74.57 


99.46 


124.42 


.100 


12.51 


18.83 


25.14 


37.78 


44.11 


60.42 


63.06 


75.69 


100.96 


126.30 


.101 


12.69 


19.11 


26.52 


38.36 


44.77 


51.18 


64.01 


76.84 


102.49 


128.20 


.102 


12.88 


19.39 


26.90 


38.92 


45.43 


51.94 


64.96 


77.99 


104.02 


130.10 


.103 


13.07 


19.67 


26.28 


39.49 


46.10 


52.70 


65.91 


79.14 


105.55 


132.00 


.104 


13.26 


19.96 


26.66 


40.06 


46.77 


63.47 


66.87 


80.29 


107.08 


133.90 


.105 


13.45 


20.26 


27.04 


40.64 


47.44 


64.24 


67.83 


81.44 


108.62 


135.81 


.106 


13.64 


20.53 


27.43 


41.21 


48.12 


55.02 


68.81 


82.61 


110.17 


137.77 


.107 


13.83 


20.81 


27.82 


41.79 


48.80 


66.80 


69.79 


83.78 


111.73 


139.73 


.108 


14.02 


21.10 


28.21 


42.38 


49.49 


66.58 


70.77 


84.95 


113.29 


141.69 


.109 


14.21 


21.39 


28.60 


42.97 


60.18 


67.36 


71.75 


85.12 


114.85 


143.66 


.110 


14.41 


21.71 


29.00 


43.57 


60.87 


68.16 


72.73 


87.30 


116.41 


145.62 


.111 


14.60 


22.00 


29.39 


44.17 


61.57 


58.95 


73.73 


88.50 


118.07 


147.62 


: .112 


14.80 


22.30 


29.78 


44.77 


52.27 


59.75 


74.73 


89.70 


119.67 


149.63 


.113 


15.00 


22.60 


30'.11 


45.37 


52.97 


60.55 


76.73 


90.90 


121.27 


161.64 


: .114 


15.20 


22.90 


30.58 


45.97 


53.67 


61.36 


76.73 


92.11 


122.88 


153.65 


.115 


15.40 


23.20 


30.98 


46.57 


54.37 


62.15 


77.74 


93.32 


124.49 


165.66 


.116 


15.60 


23.60 


31.39 


47.18 


65.08 


62.96 


78.76 


94.56 


126.13 


157.71 


.117 


15.80 


23.80 


31.80 


47.79 


56.79 


63.78 


79.78 


95.78 


127.77 


169.76 


.118 


16.00 


24.10 


32.21 


48.40 


56.60 


64.50 


80.80 


97.01 


129.41 


161.81 


.119 


16.20 


24.41 


32.62 


49.01 


57.22 


65.32 


81.82 


98.26 


131.05 


163.86 


.120 


16.41 


24.72 


33.02 


49.63 


57.94 


66.24 


82.86 


99.49 


132.69 


166.91 


r .121 


16.61 


25.03 


33.43 


50.25 


58.67 


67.07 


83.89 


100.74 


134.36 


168.t)0 


.122 


16.81 


25.34 


33.84 


50.87 


59.40 


67.90 


84.96 


102.09 


136.03 


170.09 


.123 


17.01 


25.65 


34.26 


51.49 


60.17 


68.74 


86.98 


103.34 


137.70 


172.18 


.124 


17.22 


25.97 


34.68 


52.11 


60.90 


69.58 


87.03 


104.69 


139.38 


174.27 


.126 


17.43 


26.27 


35.09 


62.75 


61.69 


70.42 


88.08 


105.74 


141.06 


176.38 


.126 


17.64 


26.58 


36.51 


53.38 


62.33 


71.27 


89.14 


107.02 


142.76 


178.51 


.127 


17.85 


26.89 


36.93 


54.02 


63.07 


72.13 


90.20 


108.30 


144.47 


180.^ 


.128 


18.06 


27.21 


36.36 


64.66 


63.81 


72.99 


91.27 


109.58 


146.18 


182.78 


.129 


18.27 


27.53 


36.79 


55.30 


64.55 


73.85 


92.31 


110.86 


147.89 


184.91 


.130 


18.48 


27.85 


37.22 


55.94 


65.30 


74.71 


93.41 


112.14 


149.60 


187.06 


.131 


18.69 


28.17 


37.65 


66.59 


66.06 


75.57 


94.49 


113.44 


151.34 


189.23 


.132 


18.90 


28.49 


38.06 


57.24 


66.82 


76.44 


95.57 


114.70 


153.08 


191.40 


.133 


19.11 


28.81 


38.49 


57.89 


67.58 


77.31 


96.66 


116.04 


154.82 


193.58 


.134 


19.33 


29.13 


38.92 


58.64 


68.34 


78.18 


97.75 


117.36 


156.56 


195.76 


.135 


19.56 


29.46 


39.37 


59.19 


69.11 


79.05 


«W«vTX 


118.66 


158.30 


197.94 


.136 


19.76 


29.78 


39.81 


69.85 


69.88 


79.92 


99.94 


119.98 


160.07 


200.15 


.137 


19.97 


30.11 


40.26 


60.61 


70.65 


80.79 


101.04 


121.31 


161.84 


202.37 


.138 


20.19 


30.44 


40.69 


61.17 


71.42 


81.67 


102.14 


122.64 


163.61 


204.59 


.139 


20.41 


30.77 


41.13 


61.84 


72.19 


82.55 


103.25 


123.97 


166.38 


206.81 


.140 


20.63 


31.10 


41.57 


62.61 


72.97 


83.43 


104.37 


126.30 


167.16 


209.t)3 


.141 


20.85 


31.43 


42.01 


63.18 


73.75 


84.33 


106.49 


126.65 


168.96 


211.28 


.142 


21.07 


31.76 


42.46 


63.85 


74.63 


85.23 


106.61 


128.00 


170.76 


213.53 


.143 


21.29 


32.09 


42.90 


64.52 


75.32 


86.13 


107.74 


129.35 


172.67 


215.79 


.144 


21JS2 


32.43 


43.35 


65.19 


76.11 


87.03 


108.87 


131.70 


174.37 


218.06 


.145 


21.74 


32.77 


43.80 


66.87 


76.90 


87.93 


110.00 


132.06 


176.19 


220.31 


.146 


21.96 


33.11 


44.25 


66.66 


77.70 


oo.o4 


111.14 


133.43 


178.02 


222.60 


.147 


22.18 


33.45 


44.71 


67.23 


78.50 


89.75 


112.28 


134.80 


179.86 


224.90 


.148 


22.40 


33.79 


46.17 


67.91 


79.30 


90.67 


113.42 


136.18 


181.69 


227:20 


.149 


22.63 


34.13 


45.63 


68.60 


80.10 


91.59 


114.57 


137.56 


183.53 


229.60 


.160 


22.86 


34.47 


46.09 


69.29 


80.90 


92.61 


115.72 


138.94 


186.37 


231.80 


.151 


23.08 


34.81 


46.56 


69.98 


81.71 


93.43 


116.88 


140.33 


187.23 


234.13 



112 



Depth 








1 


on 
Weir. 




LBNOTH OF THE WEIR. 


Feet. 


2 Feet 


3 Feet 


4 Feet 


6 Feet 


7 Feet 


8 Feet. 


10 Feet 


12 Feet 


16 Feet 


20 Feet. 


.152 


23.31 


35.15 


47.01 


70.67 


82.52 


94.36 


118.04 


141.73 


189.09 


236.46 


.153 


23.54 


35.50 


47.47 


71.37 


83.33 


95.29 


119.21 


143.17 


190.96 


238.79 


.154 


23.77 


35.85 


47.93 


72.07 


84.14 


96.22 


120.38 


144.57 


192.83 


241.13 


.155 


24.00 


36.20 


48.39 


72.77 


84.96 


97 15 


121.55 


145.93 


194.70 


243.47 


.156 


24.23 


36.55 


48.85 


73.47 


85.78 


98.09 


122.73 


147.36 


196.59 


245.86 


.157 


24.46 


36.90 


49.32 


74.18 


86.61 


99.04 


123.91 


148.77 


199.48 


248.26 


.158 


24.69 


37.25 


49.79 


74.89 


87.44 


99.99 


125.09 


160.19 


201.38 


250.64 


.159 


24.93 


37.60 


50.26 


75.60 


88.27 


100.94 


126.27 


151.61 


203.28 


253.04 


.160 


25.17 


37.96 


50.73 


76.31 


89.10 


101.89 


127.46 


163.03 


204.18 


265.34 


.161 


25.40 


38.31 


51.20 


77.02 


89.93 


102.85 


128.66 


1W.47 


206.10 


267.75 


.162 


25.63 


38.66 


51.68 


77.74 


90.77 


103.81 


129.86 


165.91 


208.03 


260.17 


.163 


26.86 


39.01 


52.16 


78.46 


91.61 


104.77 


131.06 


157.35 


209.96 


262.59 


.161 


26.10 


39.37 


52.64 


79.18 


92.45 


105.73 


132.26 


168.80 


211.89 


265.01 


.165 


26.34 


39.73 


53.12 


79.90 


93.29 


106.69 


133.47 


160.25 


213.82 


267.38 


.166 


26.57 


40.09 


53.60 


80.63 


94.14 


107.66 


134.69 


161.71 


215.76 


269.82 


.167 


26.81 


40.45 


54.08 


81.36 


94.99 


108.63 


136.91 


163.17 


217.70 


272.26 


.168 


27.05 


40.81 


54.56 


82.09 


95.84 


109.60 


137.13 


164.64 


219.65 


274.71 


.169 


27.29 


41.17 


55.05 


82.82 


96.69 


110.58 


138.35 


166.11 


221.60 


277.16 


.170 


27.53 


41.53 


55.54 


83.55 


97.55 


111.56 


139.57 


167.68 


223.65 


279.61 


.171 


27.77 


41.88 


56.03 


84.28 


98.41 


112.54 


140.85 


169.06 


225.62 


282.09 


.172 


28.01 


42.23 


56.53 


85.02 


90.27 


113.53 


142.09 


170.54 


227.59 


284.57 


.173 


28.25 


42.59 


57.02 


85.76 


100.14 


114.52 


143.33 


172.03 


229.56 


287.05 


.174 


28.49 


42.95 


57.51 


86.50 


101.01 


115.51 


144.57 


173.52 


231.54 


289.54 


.175 


28.74 


43.31 


57.99 


87.24 


101.88 


116.50 


145.76 


175.01 


233.52 


292.03 


.176 


28.98 


43.68 


58.48 


87.99 


102.75 


117.50 


147.01 


176.49 


235.54 


294.54 


.177 


29.22 


44.05 


58.98 


88.74 


103.62 


118.50 


148.26 


177.98 


237.56 


297.06 


.178 


29.47 


44.43 


59.48 


89.49 


104.50 
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400.34 


480.97 


642.20 


803.46 


.345 


78.18 


118.67 


159.16 


240.13 


280.62 


321.11 


402.08 


483.06 


644.99 


806.96 


.346 


78.51 


119.18 


159.84 


241.17 


281.83 


322.50 


403.82 


485.16 


647.79 


810.46 


.347 


78.81 


119.69 


160.52 


242.21 


283.04 


323.89 


405.56 


487.26 


660.69 


813.96 


.348 


79.17 


120.20 


161.20 


243.25 


284.26 


325.28 


407.31 


489.35 


663.39 


817.47 


.349 


79.50 


120.71 


161.90 


^14.29 


285.48 


S26.68 


409.06 


491.46 


666.19 


820.98 


.350 


79.84 


121.22 


162.69 


245.33 


286.70 


328.08 


410.81 


493.56 


669.00 


824.49 


.351 


80.17 


121.73 


163.28 


246.37 


287.92 


329.48 


412.57 


495.66 


661.83 


828.03 


.352 


80.50 


122.24 


163.97 


247.41 


289.14 


330.88 


414.33 


497.77 


664.66 


831.57 


.353 


80.83 


122.76 


161.66 


248.46 


290.36 


332.28 


416.09 


499.89 


667.49 


835.11 


.354 


81.17 


123.28 


165.35 


249.51 


291.59 


334.28 


417.85 


501.01 


670.33 


838.66 


.355 


81.51 


123.79 


166.04 


250.56 


292.82 


335.08 


419.61 


604.13 


673.17 


842.21 


.356 


81.81 


m.3o 


166.73 


251.61 


294.05 


336.49 


421.38 


606.26 


676.01 


845.77 


.357 


82.18 


124.81 


167.42 


252.66 


295.28 


337.90 


423.15 


608.28 


678.86 


849.83 


.358 


82.52 


125.32 


168.12 


253.71 


296.51 


339.31 


424.92 


610.60 


681.71 


852.89 


.3SB 


82.86 


125.84 


168.82 


264.77 


297.75 


340.73 


426.69 


612.63 


684.56 


856.46 


.360 


83.20 


126.36 


169.52 


256.83 


298.99 


342.16 


428.46 


614.77 


687.41 


860.03 


.361 


83.54 


126.88 


170.22 


256.89 


300.23 


343.57 


430.24 


616.91 


690.27 


863.61 


.362 


83.88 


127.40 


170.92 


257.96 


301.47 


344.99 


432.02 


619.05 


693.13 


867.19 


.363 


84.22 


127.92 


171.62 


269.01 


302.71 


346.11 


433.80 


621.19 


696.99 


870.78 


.364 


84.56 


128.44 


172.32 


260.07 


303.96 


347.83 


485.58 


623.34 


698.86 


874.37 


.365 


84.90 


128.96 


173.02 


261.14 


305.20 


349.25 


437.?8 


525.49 


701.72 


877.96 


<MBfi 


85.24 


129.48 


173.72 


262.20 


306.45 


360.68 


439.17 


627.64 


704:60 


881.67 


J3fft 


85.58 


130.00 


174.42 


263.27 


307.70 


352.11 


440 96 


629.80 


707.48 


886.18 


.36S 


85.92 


130.52 


175.13 


264.34 


308.95 


353.54 


442.76 


631.96 


710.37 


888.80 


•369 


86.26 


131.05 


175.84 


266.41 


310.20 


354.97 


444.55 


634.12 


713.26 


892.42 


.370 


86.60 


131.58 


176.54 


266.48 


311.45 


356.41 


446.35 


536.28 


716.15 


896.04 


.371 


86.94 


132.10 


177.25 


267.65 


312.71 


357.86 


448.15 


638.45 


719.05 


899.67 


.372 


87.28 


132.62 


177.96 


268.62 


313.97 


369.29 


449.96 


640.62 


721.96 


903.30 


.373 


87.62 


133.14 


178.67 


269.69 


315.23 


360.73 


451.76 


642.80 


724.86 


906.93 


.374 


87.97 


133.67 


179.38 


270.77 


316.49 


362.17 


453.57 


644.98 


727.77 


910.66 


.375 


88.32 


134.20 


180.09 


271.85 


317.76 


363.62 


465.38 


647.16 


730.68 


914.20 


J37e 


88.66 


134.73 


180.80 


272.93 


319.02 


365.06 


467.19 


549.34 


733.60 


917.86 


J377 


89.00 


135.26 


181.51 


274.01 


320.28 


366.61 


469.01 


651.62 


736.62 


921.62 


jafTS 


89.34 


135.79 


182.22 


275.09 


321.54 


367.96 


460.83 


663.70 


739.44 


925.18 


319 


89.69 


136.12 


182.93 


276.17 


322.80 


369.41 


462.65 


665.89 


742.36 


928.84 


jiao 


90.04 


136.86 


188.66 


277.26 


324.06 


370.86 


464.47 


558.08 


746.29 


932.60 


4l8t 


90.38 


m.3fl 


184.36 


278.34 


325.33 


372.32 


466.27 


660.28 


748.23 


936;18 


.382 


90.74 


137.91 


185.06 


279.43 


326.60 


373.78 


468.10 


562.48 


761.17 


9S9.86 


.383 


9iM\ 138.44 


[ 186.8fl 


280.52 


327.87 


375.24 


469.93 


564.68 


764.11 


943.64 
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Depth 

on 
Wfcir. 



F«et. 



.3^ 

JS»5 

.386 

^7 

.388 

.389 

.390 

.391 

.392 

.393 

.391 

.395 

.396 

.397 

.398 

.399 

.400 

.401 

.402 

.403 

.404 

.405 

.406 

•407 

.408 

.409 

.410 

.411 

.412 

.413 

.414 

.415 

.416 

.417 

.418 

.419 

.420 

.421 

.422 

.423 

.424 

.425 

.426 

.427 

.428 

.429 

.430 

.431 

.432 

.433 

.434 

.435 

.436 

.437 

.438 

.439 

.440 

.441 



LENGTH OF THE WEIB. 



S Feet 



91.45 

91.81 

92.15 

92.49 

92.83 

93.18 

93.53 

93.88 

94.23 

94.58 

94.93 

95.28 

95.63 

95.98 

96.33 

96.68 

97.04 

97.39 

97.74 

98.10 

«fo.D4 

99.17 
99.52 
99.88 
100.24 
100.60 
100.96 
101.32 
101.68 
102.04 
102.40 
102.76 
103.12 
103.48 
103.84 
104.20 
104.56 
104.92 
105.28 
105.64 
106.01 
106.37 
106.73 
107.10 
107.46 
107.83 
108.19 
108.55 
108.92 
109.29 
109.66 
110.02 
110.39 
110.76 
111.13 
111.50 
111.86 



3 Feet 



4 Feet 



138.97 

139.51 

140.04 

140.57 

141.11 

141.65 

142.19 

142.73 

143.27 

143.81 

144.35, 

144.89! 

145.43 

145.97 

146.51 

147.06 

147.61 

148.15 

148.69 

149.23 

149.77 

150.32 

150.86 

151.40 

151.95; 

152.50 

153.05 1 

153.60 

154.15 

154.70 

155.25 

155.81 

156..% 

166.91 

157.47 

158.03 

158.58 

159.13 

159.70 

160.29 

160.88 

161.37 

161.93 

162.49 

163.05 

163.61 

164.17 

164.73 

165.29 

165.85 

166.41 

166.98 

167.54 

168.10 

168.67 

169.24 

169.81 

170.37 



186.52 
187.24 
187.96 
188.68 
189.40 
; 190.12 
190.83 
191.57 
192.39 
! 193.12 
193.85 
194.48 
195.21 
195.94 
196.67 
197.40 
198.14 
198.83 
199.56 
200.29 
201.03 
201.81 
202.55 
203.29 
204.03 
204.77 
205.51 
206.25 
206.99 
207.73 
208.48 
209.23 
209.97 
210.72 
211.47 
212.22 
212.97 
213.72 
214.47 
215.22 
215.97 
216.73 
217.48 
218.23 
218.99 
219.75 
220.51 
221.27 
222.03 
222.79 
223.65 
224.31 
225.07 
225.83 
226.69 
227.36 
228.13 
228.89 



6 Feet 7 Feet 



281.61 

282.70 

283.79 

284.88 

285.98 

287.08 

288.18 

289.28 

290.38 

291.48 

292.58 

293.69 

294.79 

295.90 

297.01 

298.12 

299.23 

300.34 

301.45 

302.57 

303.69 

304.81 

306.93 

307.05 

308.17 

309.29 

310.42 

311.54 

312.67 

313.80 

314.93 

316.06 

317.19 

318.32 

319.45 

320.59 

321.73 

322.87 

324.01 

325.16 

326.30 

327.44 

328.58 

329.73 

330.88 

332.03 

333.18 

334.33 

335.48 

336.63 

337.79 

338.95 

340.11 

341.27 

342.43 

343.69 

344.76 

345.91 



329.15 

330.43 

331.71 

332.99 

334.27 

335.55 

336.84 

338.12 

339.41 

340.70 

341.99 

343.28 

344.58 

345.88 

347.18 

348.48 

349.78 

351.08 

352.39 

353.70 

355.01 

356.32 

357.63 

358.94 

360.75 

361.56 

362.87 

364.18 

365.49 

366.80 

368.11 

369.42 

370.76 

372.10 

373.44 

374.78 

376.12 

377.45 

378.78 

380.12 

381.46 

382.80 

384.16 

385.60 

386.&4 

388.19 

389.52 

390.87 

392.25 

393.60 

394.95 

396.27 

397.62 

398.98 

400.34 

401.70 

403.06 

404.43 



8 Feet 



376.70 

378.16 

379.62 

381.09 

382.56 

384.03 

385.50 

386.97 

388.45 

389.93 

391.41 

392.89 

394.37 

395.86 

397.35 

398.84 

400.33 

401.82 

403.31 

404.80 

406.30 

407.80 

409.30 

410.80 

412.30 

413.81 

415.32 

416.83 

418.34 

419.85 

421.37 

422.89 

424.41 

425.93 

427.46 

428.97 

4.30.50 

432.03 

433.66 

435.09 

436.62 

438.16 

439.69 

441.23 

442.77 

444.31 

446.86 

447.40 

448.95 

450.60 

452.05 

463 60 

465.16 

456.72 

468.28 

459.84 

461.40 

462.96 



10 Feet 



471.76 

473.61 

475.46 

477.30 

479.15 

481.00 

482.85 

484.70 

486.55 

488.40 

490.25 

492.10 

493.96 

496.82 

497.68 

499.54 

501.41 

603.28 

505.15 

507.02 

508.91 

510.79 

512.67 

514.66 

516.45 

618.34 

520.23 

522.12 

624.02 

525.92 

527.82 

629.72 

631.63 

633.54 

536.45 

537.36 

639.27 

541.19 

643.11 

545.03 

546.05 

648.88 

550.81 

652.76 

564.69 

566.63 

558.53 

660.47 

662.41 

564.35 

566.29 

568.24 

570.19 

572.14 

574.09 

576.05 

578.01 

579.97 



12 Feet 



568.88 

569.08 

571.29 

673.51 

575.73 

577.96 

580.17 

582.39 

584.61 

586.84 

589.07 

591.30 

593.64 

695.78 

598.02 

600.26 

602.51 

604.76 

607.02 

609.28 

6n.&4 

613.80 

616.14 

618.40 

620.66 

622.92 

625.13 

627.41 

629.69 

631.97 

634.26 

636.55 

638.84 

641.14 

643.44 

645.74 

648.04 

650.34 

662.66 

654.96 

657.17 

669.58 

661.90 

664.22 

666.54 

668.87 

671.20 

673.64 

675.88 

678.22 

680.56 

682.90 

685.25 

687.61 

689.97 

692.33 

694.64 

697.00 



16 Feet. 



757.06 

760.00 

762.96 

765.92 

768.88 

771.84 

774.81 

777.78 

780.76 

783.74 

786.72 

789.70 

792.69 

795.69 

798.69 

801.69 

804.69 

807.70 

810.71 

813.72 

816.74 

819.77 

822.80 

826.83 

828.86 

831.90 

834.94 

837.99 

841.04 

844.09 

847.16 

850.21 

853.28 

866.36 

859.42 

862.00 

866.68 

868.66 

871.74 

874.82 

877.90 

880.99 

884.10 

887.21 

890.32 

893.43 

896.66 

899.67 

902.79 

905.92 

909.66 

912.18 

915.32 

918.46 

921.60 

924.74 

927.89 

931.05 



20 Feet 



947.23 
960.92 
954.62 
958.32 
962.02 
966.71 
969.44 
973.17 
976.90 
980.63 

988.11 

991.92 

995.67 

999.42 

1003.17 

1006.87 

1010.64 

1014.42 

1018.20 

1021.98 

1026.76 

1029.56 

1033.36 

1047.16 

1060.96 

1044.76 

1048.58 

1052.40 

1056.22 

1060.05 

1063.88 

1067.72 

1071.66 

1075.40 

1079.25 

1083.10 

1086.97 

1090.84 

1004.71 

1098.58 

1102.45 

1106.94 

1110.23 

1114.12 

1118.01 

1121.90 

1125.81 

1129.72 

1133.63 

1137 JS5 

1141.47 

1145.40 

1149.33 

1163.27 

11CT.21 

1161.15 

1165.10 
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Depth 




on 
Weir. 


LKNOTH OF THE WEIB. 


Feet 


2 Feet 


3 Feet 


4 Feet 


6 Feet 


7 Feet. 


8 Feet 


10 Feet. 


12 Feet 


16 Feet 


20 Feet 


.442 


112.23 


170.94 


229.66 


347.08 


405.80 


464.52 


581.93 


699.36 


984.21 


1169.06 


.443 


112.60 


171.51 


230.43 


348.25 


407.17 


466.08' 583.89 


701.68 


937.37 


1173.02 


.444 


112.97 


172.08 


231.20 


319.42 


408.54 


467.641 585.86 


704.04 


940.58 


1176.98 


.445 


113.34 


172.65 


231.97 


350.59 


409.91 


469.21 


587.83 


706.45 


943.70 


1180.94 


.446 


113.71 


173.22 


232.74 


351.76 


411.28 


470.78 


689.80 


708.83 


946.87 


1184.92 


.447 


114.08 


173.79 


233.51 


352.93 


412.65 


472.35 


691.77 


711.21 


950.04 


1188.90 


.448 


114.45 


174.36 


234.28 


354.10 


414.02 


473.92 


593.74 


713.59 


953.22 


1192.88 


.449 


114.82 


175.13 


235.05 


355.28 


415.39 


475.49 


696.72 


715.97 


956.40 


1196.86 


.450 


115.20 


175.51 


235.83 


356.46 


416.77 


477.07 


697.70 


718.35 


959.58 


1200.84 


.451 


115.57 


176.08 


236.61 


357.63 


418.15 


478.75 


699.68 


720.73 


962.77 


1204.84 


.452 


115.94 


176.65 


237.38 


358.81 


419.53 


480.33 


601.67 


723.11 


965.96 


1208.84 


.453 


116.31 


in.22 


238.16 


a59.99 


420.91 


481.91 


603.66 


726.49 


969.16 


1212.84 


.454 


116.68 


177.80 


238.94 


361.17 


422.29 


483.50 


605.65 


727.88 


972.36 


1216.84 


.465 


117.06 


178.38 


239.71 


362.35 


423.67 


484.99 


607.64 


730.27 


975.66 


1220.85 


.456 


117.43 


178.95 240.50 


368.53 


425.06 


486.58 


609.63 


732.67 


978.77 


1224.87 


.457 


117.80 


179.53 241.30 


364.71 


426.46 


488.17 


611.62 


735.07 


981.98 


1228.90 


.458 


118.18 


180.11 


242.10 


365.90 


427.86 


489.76 


613.61 


737.47 


985.19 


1232.93 


.459 


118.56 


180.69 


242.90 


367.09 


429.26 


491.35 


615.61 


739.88 


988.40 


1236.96 


.460 


118.94 


181.27 


243.60 


368.28 


430.61 


492.94 


617.61 


742.29 


991.62 


1240.99 


.461 


119.31 


181.85 


244.38 


369.47 


432.00 


494.54 


619.61 


744.70 


994.86 


1245.03 


.462 


119.68 


182.43 


245.16 


870.66 


4.3;^.40 


496.14 


621.61 


747.10 


998.08 


1249.07 


.463 


120.06 


183.01 


245.94 


371.85 


434.80 


497.74 


623.62 


749.51 


1001.31 


1253.11 


.464 


120.44 


183.59 


246.72 


373.04 


436.20 


499.34 


625.63 


761.92 


1004.54 


1257.16 


.465 


120.82 


184.17 


247.50 


374.23 


437.60 


500.94 


627.64 


754.35 


1007.77 


1261.19 


.466 


121.19 


184.75 


248.29 


375.42 


439.06 


502.54 


629.66 


756.77 


1011.01 


1265.26 


.467 


121.57 


185.33 


249.08 


376.62 


440.40 


604.14 


631.68 


759.29 


1014.26 


1269.31 


.468 


121.95 


185.91 


249.87 


377.82 


441.80 


505.75 


633.70 


761.72 


1017.50 


1278.38 


.469 


122.33 


186.49 


250.66 


379.02 


442.20 


507.36 


635.72 


764.15 


1020.76 


1277.46 


.470 


122.71 


187.08 


251.46 


380.22 


444.60 


508.97 


637.75 


766.49 


1024.00 


1281.62 


.471 


123.08 


187.66 


252.25 


381.42 


446.00 


510.57 


639.77 


768.93 


1027.26 


1285.61 


.472 


123.47 


188.24 


253.04 


382.62 


447.41 


512.21 


641.79 


771.37 


1030.52 


1289.70 


.473 


128.85 


188.83 


253.83 


383.83 


448.81 


513.85 


643.82 


773.81 


1033.78 


1293.79 


.474 


124.23 


189.42 


254.62 


385.04 


449.62 


614.49 


645.86 


776.25 


1037.04 


1297.88 


.475 


124.60 


190.01 


255.42 


386.24 


451.64 


517.17 


647.88 


778.71 


1040.30 


1301.96 


.476 


124.98 


190.59 


256.21 


387.45 


453.05 


618.83 


649.91 


781.16 


1043.68 


1306.06 


.477 


125.36 


191.18 


257.00 


388.66 


454.47 


520.49 


651.94 


783.61 


1046.86 


1310.17 


.478 


125.74 


191.77 


257.80 


389.87 


455.89 


622.16 


• 653.98 


786.06 


1050.15 


1314.28 


.479 


126.12 


192.36 


258.60 


391.08 


457.31 


623.83 


656.02 


788.51 


1063.44 


1318.39 


.480 


126.51 


192.95 


259.40 


392.29 


458.73 


625.18 


658.06 


790.96 


1056.73 


1322.50 


.481 


126.89 


193.54 


260.19 


393.50 


460.15 


626.81 


660.10 


793.43 


1060.02 


1326.63 


.482 


127.27 


194.13 


260.99 394.71 


461.68 


528.44 


662.16 


795.90 


1063.31 


1330.76 


.483 


127.65 


194.72 


261.79 395.93 


463.01 


630.07 


664.20 


798.37 


1066.60 


1334.89 


.484 


128.05 


195.13 


262.59 


397.15 


464.44 


531.70 


666.25 


800.84 


1069.90 


1339.03 


.485 


128.42 


195.90 


263.39 


398.37 


465.87 


633.33 


668.30 


803.31 


1073.20 


1343.17 


.486 


128.80 


196.49 


264.19 


399.59 


467.29 


534.97 


670.36 


805.78 


1076.51 


1347.32 


.487 


129.18 


197.08 


264.99 


400.81 


469.71 


686.61 


672.42 


808.26 


1079.82 


1351.47 


.488 


129.56 


197.68 


265.79 


402.03 


471.14 


638.25 


674.48 


810.74 


1083.13 


1366.62 


.489 


129.95 


198.28 


266.59 


403.25 


472.57 


639.89 


676.54 


813.22 


1086.46 


1359.77 


.490 


130.34 


198.88 


267.41 


404.47 


473.00 


641.53 


678.60 


815.70 


1089.70 


1363.92 


.4» 


130.72 


199.47 


268.21 


405.69 


474.44 


543.17 


680.66 


818.18 


1093.04 


1368.09 


.402 


131.10 


200.06 


269.01 


406.92 475.88 


544.81 


682.73 


820.66 


1096.39 


1372.26 


.403 


181.49 


200.66 


269.82 


408.15 477.32 


546.45 


684.80 


823.14 


1099.74 


1376.43 


.404 


131.88 


201.26 


270.63 


409.38 


478.76 


548.10 


686.87 


825.62 


1103.09 


1380.60 


.406 


132.27 


201.86 


271.44 


410.61 


480.20 


549.75 


688.94 


828.10 


1106.44 


1384.78 


.496 


132.66 


202.46 


272.25 


411.84 


481.64 


551.41 


691.02 


830.60 


1109.92 


1388.97 


.497 


133.05 


203.06 


273.06 


413.07 


483.08 


553.07 


693.10 833.10 


1113.40 


1393.16 


.498 


133.44 


203.66 


273.87 


414.30; 481.52 


554.73 


695.18 835.60 


1116.88 


1397.36 


.409 


133.83 


204.26 


274.68 


415.54 


485.97 


556.39 


697.26: 


838.11 


1120.36 


1401.64 
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QUANTITIES OF WATER. IN CUBIC FEET PER MINUTE, FLOWING OYER 
WEIRS OF DIFFERENT LENGTHS, WITH VARYING DEPTHS OF WATER. 



Depth 

on 
Weir. 



Feet 



.600 
.501 
.502 
.508 
.501 
.505 
.506 
.507 
.598 
.509 
.510 
.511 
.512 
.513 
.514 
.515 
.516 
.517 
.518 
.519 
.520 
.521 
.522 
.5.'3 
.524 
.525 
.526 
.527 
.528 
.629 
.530 
.531 
.532 
.533 
.534 
.535 
.533 
.537 
.538 
.539 
.510 
.511 
.54-2 
.513 
.544 
.545 



LENGTH OF THE WBIB. 



2 Feet 



134.22 
134.61 
135.00 
135.39 
135.78 
136.16 
136.55 
136.94 
137.33 
137.72 
138.12 
138.51 
138.90 
139.29 
139.68 
140.08 
140.47 
140.86 
111.25 
141.01 
142.05 
142.45 
142.85 
143.25 
143.65 
144.03 
144.43 
144.83 
145.23 
145.60 
146.01 
146.41 
146.81 
147.21 
147.61 
148.01 
148.41 
148.81 
149.21 
149.61 
150.01 
150.41 
150.81 
151.21 
151.61 
152.01 



3 Feet 



.546 


152.41 


.547 


152.81 


.548 


153.21 


.549 


153.61 


.550 


154.03 


.551 


154.43 


.552 


154.83 


.553 


155.23 


.554 


155.63 



204.86 

205.46 

206.06 

206.66 

207.26 

207.86 

208.46 

209.08 

209.67 

210.28 

210.99 

211.50 

212.11 

212.71 

213.32 

213.92 

214.53 

215.14 

215.75 

216.36 

216.97 

217.58 

218.19 

218.80 

219.41 

220.03 

220.64 

221.25 

221.86 

222.47 

223.10 

223.72 

2-24.34 

224.96 

225.58 

226.19 

226.81 

227.43 

228.05 

228.67 

229.29 

229.91 

230.53 

231.15 

231.77 

232.40 

233.03 

233.66 

234.29 

234.92 

235.53 

236.16 

236.79 

237.42 

238.05 



4 Feet 



6 Feet 



275.50 

276.31 

277.12 

277.93 

278.74 

279.57 

280.38 

281.20 

282.02 

282.84 

283.66 

211.71 

212.53 

213.35 

214.17 

287.76 

288.58 

289.40 

290.23 

291.06 

291.89 

292.71 

293.54 

294.37 

293.20 

296.03 

296.86, 

297.69 

298.52, 

299.36, 

300.20 

301.03 

301.86 

302.70 

303.54 

304.38 

305.21 

306.05 

306.89 

307.73 

308.57 

309.41 

310.25 

311.09 

311.94 

312.79 

313.63 

314.47 

315.32 

316.27 

317,02 

317.87 

31».72 

319.57 

320.42 



416.78 
418.01 
419.25 
420.49 
421.73 
422.97 
424.21 
425.45 
426.70 
427.95 
429.20 
430.45 
431.70 
432.95 
434.20 
435.45 
436.70 
437.95 
439.21 
440.47 
441.73 
442.99 
444.25 
432.95 
434.20 
448.04 
449.30 
450.57 
451.84 
453.11 
454.38 
455.65 
456.92 
458.19 
459.47 
460.75 
462.02 
463.30 
464.58 
465.86 
467.14 
468.42 
469.70 
470.98 
472.27 
473.56 
475.85 
477.14 
478.43 
479.72 
480.01 
481.30 
482.59 
483.89 
485.19 



7 Feet. 



487.42 
488.87 
490.32 
491.77 
493.22 
494.67 
496.13 
497.59 
499.05 
500.57 
501.97 
503.43 
504.89 
506.35 
507.82 
509.29 
510.76 
512.23 
513.70 
576.17 
516.65 
518.13 
519.61 
521.09 
522.57 
524.05 
525.53 
527.01 
528.49 
429.98 
631.47 
532.96 
534.45 
535.91 
537.43 
538.93 
540.43 
541.93 
543.43 

546.43 
617.93 
549.43 
550.93 
552.44 
553.95 
565.46 
556.97 
558.48 
559.99 
561.61 
563.02 
564.51 
666.06 
567.58 



8 Feet. 



558.06 
559.72 
561.38 
563.04 
564.71 
566.38 
568.05 
569.72 
671.39 
573.06 
574.74 
576.41 
578.09 
579.77 
581.46 
583.13 
581.81 
686.40 
588.09 
589.78 
591.57 
693.26 
694.95 
596.65 
598.35 
600.05 
601.75 
603.46 
605.15 
606.86 
608.56 
610.27 
611.98 
613.69 
615.40 
617.12 
618.83 
620.53 
622.27 
623.99 
626.71 
627.43 
629.15 
630.88 
632.61 
634.34 
636.07 
637.80 
639.53 
641.27 
643.01 
644.75 
646.49 
048.23 
&49.97 



10 Feet. 



12 Feet 



699.34 

701.42 

703.51 

705.60 

707.69 

709.78 

711.87 

713.97 

716.07 

718.17 

720.27 

722.38 

724.49 

726.60 

728.71 

730.82' 

732.93 

735.06 

737.l7i 

739.29 

741.41 

743.64 

745.67 

747.80 

749.93 

752.06 

754.19 

756.33 

758.47 

760.61 

762.75 

764.89 

767.04 

769.19 

771.34 

773.49 

775.61 

777.80 

779.96 

782.12 

781.28 

786.44 

788.61 

790.78 

792.95 

795.12 

797.29 

799.46 

801.64 

803.82 

806.00 

808.18 

810.36 

812.54 

814.72 



840.62 
813.13 
815.64 
848.15 
850.66 
853.18 
855.70 
858.22 
860.75 
833.28 
866.81 
868.34 
870.88 
873.42 
875.98 
878.50 
881.05 
883.60 
886.15 
888.70 
891.25 
893.81 
896.37 
898.93 
901.49 
904.06 
906.63 
909.20 
911.77 
914.34 
916.93 
919.51 
922.09 
924.68 
927.27 
929.86 
932.45 
936.05 
937.65 
940.26 
942.85 
945.46 
948.06 
950.67 
953.22 
955.89 
958.51 
981.13 
963.75 
966.37 
969.00 
971.63 
974.26 
976.89 
979.52 



16 Feet 



I 



1123.18 

1126.54 

1129.90 

1133.26 

1136.62 

1139.99 

1143.37 

1146.75 

1150.13 

1153.51 

1156.89 

1160.28 

1163.67 

1107.07 

1170.47 

1173.87 

1177.28 

1180.69 

1184.11 

1187.53 

1190.94 

1194.36 

1197.79 

1201.22 

1204.65 

1208.08 

1211.52 

1214.96 

1218.40 

1221.85 

1225.30 

1228.76 

1232.12 

1235.58 

1239.04 

1242.60 

1246.07 

1249.54 

1253.02 

1256.50 

1259.98 

1263.47 

1266.96 

1270.46 

1273.W 

1277.44 

1280.95 

1284.46 

1287.97 

1291.48 

1294.99 

1298.51 

1302.03J 

1305.55: 

1309.07. 



20 Feet 



1405.74 
1409.95 
1414.16 
1418.37 
1422.58 
1426.80 
1431.03 
1435.27 
1439.51 
1443.75 
1447.94 
1453.20 
1458.46 
1462.72 
1466.46 
1469.24 
1474.51 
1478.78 
1483.06 
1(87.34 
1490.62 
1494.91 
1499.20 
1633.49 
15D7.79 
1512.09 
1516.40 
1520.71 
1525.03 
1529.35 
1533.67 
1538.00 
1512.33 
1546.66 
1551.00 
1555.34 
1559.69 
1564.04 
1568.40 
1572.76 
1577.12 
1581.49 
1585.86 
1590.23 
1504.61 
1598.99 
1603.38 
1607.77 
1612.17 
1616.57 
1620.97 
1625.38 
1629.71 
1634.12 
1638.54 
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Fwt 



«666 

.656 

.657 

.658 

.659 

.660 

.561 

.662 

.663 

.564 

.666 

.566 

.567 

.668 

.669 

.570 

.571 

.672 

.573 

.574 

.576 

.576 

.677 

.678 

.679 

.680 

.581 

.582 

.583 

.684 

.585 

.686 

.687 

.588 

.589 

.590 

.691 

.692 

.593 

.6^ 

.695 

.696 

.697 

.598 

.599 

.600 

.601 

.602 

.603 

.604 

.605 

.606 

.607 

.608 

.609 

.610 

.611 

.612 



LENGTH OF THB IfEIB. 



SFeet. 



166.05 
156.46 
156.87 
167.28 
157.69 
168.08 
158.49 
158.00 
168.41 
158.82 
160.12 
160.63 
160.94 
161.35 
161.76 
162.16 
162.57 
162.98 
163.39 
163.80 
164.21 
164.42 
164.83 
165.24 
166.66 
166.27 
166.69 
167.11 
167.53 
167.95 
168.34 
168.76 
169.18 
169.60 
070.02 
170.41 
170.83 
171.25 
171.66 
172.08 
172.49 
172.91 
173.33 
173.75 
174.17 
• 174.67 
174.99 
175.41 
176.83 
176.26 
176.67 
177.09 
177.51 
177.94 
178.37 
178.77 
179.19 
179.61 



SFeet. 



238.66 

239.29 

239.92 

240.65 

241.18 

241.81 

242.44 

243.07 

243.70 

244.33 

244.97 

245.61 

246.25 

246.89 

247.54 

248.19 

248.82 

249.45 

250.08 

250.71 

251.33 

251.93 

252.53 

253.13 

263.73J 

254.53 

255.17 

255.81 

256.45 

257.09 

257.74 

258.38 

259.02 

259.66 

260.31 

260.96 

261.60 

262.24 

262.89 

263.54 

264.19 

264.83 

265.48 

266.13 

266.78 

267.43 

268.08 

268.73 

269.38 

270.03 

270.69 

271 .M 

271.99 

272.64 

273.30 

273.96 

274.61 

275.26 



4 Feet 



321.27 

322.12 

322.97 

323.82 

324.68 

326.54 

326.39 

327.24 

328.10 

328.96 

329.82 

330.68 

331.54 

332.40 

333.26 

334.13 

334.99 

335.85 

336.71 

337.68 

338.45 

339.31 

340.17 

341.04 

341.91 

342.78 

»43.66 

344.52 

345.39 

346.26 

347.13 

348.00 

»48.87 

^9.74 

350.62 

351.50 

352.37 

353.25 

354.13 

355.01 

355.89 

356.77 

357.65 

358.53 

359.41 

360.29 

361.17 

362.05 

362.93 

363.82 

364.71 

365.59 

366.48 

367.37 

368.26 

369.15 

370.04 

370.93 



6 Feet. 



486.49 

487.79 

489.09 

490.39 

491.69 

493.00 

494.30 

495.60 

496.91 

498.22 

499.53 

600.84 

502.15 

503.46 

604.77 

506.09 

507.40 

508.72 

610.04 

611.36 

512.68 

614.00 

615.32 

516.64 

517.96 

619.29 

520.61 

521.94 

523.27 

524.60 

525.93 

527.26 

528.59 

529.92 

531.26 

532.60 

533.93 

536.27 

536.61 

637.95 

539.29 

540.63 

541.97 

543.31 

644.66 

546.01 

547.36 

548.71 

550.06 

551.41 

552.76 

554.11 

555.46 

566.81 

558.17 

559.53 

560.88 

562.24 



7 Feet. 



669.10 

670.62 

572.14 

573.67 

575.20 

676.73 

678.26 

679.79 

681.32 

582.85 

584.38 

585.91 

587.45 

588.99 

590.53 

692.07 

593.61 

695.15 

596.69 

598.24 

599.79 

601. »4 

602.89 

604.44 

605.99 

607.54 

609.09 

610.65 

612.21 

613.77 

615.33 

616.89 

618.45 

620.01 

621.87 

623.14 

624.71 

626.28 

627.85 

629.42 

630.99 

632.56 

634.10 

635.68 

637.26 

638.87 

640.45 

642.03 

643.61 

645.19 

646.78 

648.36 

649.95 

651.54 

653.13 

654.72 

656.31 

658.03 



SFeet. 



661.71 

653.46 

655.25 

657.00 

668.75 

660.46 

662.21 

663.96 

665.72 

667.48 

669.24 

671.00 

672.76 

674.52 

676.28 

678.05 

679.82 

681.59 

683.36 

685.13 

686.91 

688.68 

690.46 

692.24 

694.02 

695.80 

697.58 

699.36 

701.15 

702.94 

704.73 

706.52 

708.31 

710.10 

711.89 

713.69 

715.49 

717.29 

719.09 

720.89 

722.69 

724.49 

726.30 

728.11 

729.92 

731.73 

733.54 

735.35 

737.16 

738.98 

740.80 

742.62 

744.44 

746.26 

748.08 

749.91 

751.73 

753.56 



10 Feet. 



816.93 

819.12 

821.32 

823.62 

825.72 

827.92 

830.12 

832.32 

834.62 

836.73 

838.94 

841.15 

843.36 

845.58 

847.80 

850.02 

852.24 

854.46 

856.68 

858.91 

861.14 

863.37 

865.60 

867.83 

870.07 

872.31 

874.55 

876.79 

879.03 

881.27 

883.52 

886.77 

888.02 

890.27 

892.52 

894.78 

897.04 

899.30 

901.56 

903.82 

906,09 

908.36 

910.63' 

912.901 

915.171 

917.44 

919.72 

922.00: 

924.28 

926.56 

928M 

931.12 

933.41 

935.70 

937.99 

940.28 

942.57 

944.87 



UFeet. 



982.16 

987.48 
990.12 
992.76 
995.37 
998.02 
1000.67 
1003.33 
1005.99 
1008.65 
1011.31 
1013.97 
1016.&4 
1019.21 
1021.98 
1024.65 
1027.33 
1030.01 
1032.69 
1035.37 
1038.06 
1040.75 
1043.44 
1046.13 
1048.82 
1051.52 
1064.22 
1056.i)2 
1059.62 
1062.32 
1064.03 
1066.74 
1069.46 
1072.16 
1075.88 
1078.60 
1081.32 
1084.04 
1086.76 
1089.49 
1092.22 
1094.95 
1097.68 
1100.42 
1103.16 
1105.80 
1108.54 
1111.28 
1114.03 
1116.88 
1119.6:^ 
1122.38 
1125.14 
1127.90 
1130.66 
1133.42 
1136.19 



16 Feet. 



1312.60 

1316.13 

1319.67 

1323.21 

1326.74 

1330.29 

1333.84 

1337.39 

1340.94 

1344.50 

1348.06 

1351.63 

1355.20 

1368.77 

1362.27 

1366.91 

1369.49 

1373.07 

1376.66 

1380.25 

1383.84 

1387.44 

1391.04 

1394.64 

1398.24 

1401.84 

1405.45 

1409.06 

1412.67 

1416.28 

1419.91 

1423.64 

1427.17 

1430.80 

1434.43 

1438.07 

1441.71 

1445.35 

1448.99 

1452.63 

1456.29 

1459.95, 

1463.61, 

1467.27 

1470.93! 

1474.60 

1478.27 

1481.94 

1485.61 

1489.29 

1492.97 

1496.66 

1500.35 

1504.04 

1507.73 

1511.42 

1515.12 

1518.82 



20 Feet. 



1643.04 

1647.47 

1661.90 

1666.33 

1660.77 

1666.21 

1669.66 

1674.11 

1678.66 

1683.02 

1687.48 

1691.96 

1696.42 

1700.89 

1706.36 

1709.84 

1714.33 

1718.82 

1723.31 

1727.80 

1732.30 

1736.81 

1741.32 

1745.83 

1750.34 

1754.86 

1759.39 

1764.92 

1769.46 

1773.98 

1777.51 

1782.06 

1786.60 

1791.15 

1795.70 

1800.25 

1804.81 

1809.38 

1814.96 

1819.52 

1823.09 

1827.67 

1832.26 

1836.85 

1841.44 

1846.03 

1860.63 

1855.23 

1859.84 

1864.45 

1869.06 

1873.68 

1878.30 

1882.92 

1887.55 

1892.18 

1896.82 

1901.46 



120 



Deptk 

on 
Weir. 



Feet 



•613 

.614 

.615 

.616 

.617 

.618 

.619 

.620 

.621 

.622 

.623 

.624 

.625 

.626 

.627 

.628 

.629 

.630 

.631 

.632 

.633 

.634 

.635 

-.636 

.<J37 

.638 

^639 

.640 

.641 

.642 

.643 

.644 

.645 

.646 

.647 

.648 

.649 

.650 

.651 

.652 

.653 

.654 

.655 

.656 

.657 

.658 

j659 

.660 

.661 

.662 

.663 

.664 

.665 

.666 

.667 

.668 

.669 

.670 



LENGTH OF THE WEIB. 



2 Feet. 



180.04 

180.47 

180.87 

181.30 

181.73 

182.16 

182.59 

182.99 

183.42 

183.85 

184.28 

184.71 

185.10 

185.53 

185.96 

186.39 

186.82 

187.23 

187.66 

188.09 

188.52 

188.95 

189.36 

189.79 

190.22 

190.65 

191.08 

191.50 

191.93 

192.36 

192.79 

193.22 

193.65 

194.08 

194.51 

194.94 

195.37 

195.80 

196.23 

196-66 

197.09 

197.52 

197.95 

198.38 

198.81 

199.24 

199.67 

200.12 

200.55 

200.98 

201.41 

201.84 

202.29 

202.72 

203.15 



S Feet 



275.91 

276.57 

277.23 

277.89 

278.55 

279.21 

279.87 

280.53 

281.19 

281.85 

282.51 

283.17 

283.83 

284.49 

285.15 

285.81 

286.47 

287.14 

287.80 

288.46 

289.12 

289.79 

290.46 

291.12 

291.78 

292.45 

293.12 

293.80 

291.46 

295.12 

295.79 

296.46 

297.14 

297.81 

298.48 

299.15 

299.82 

300.50 

301.17 

301.84 

302.51 

303.19 

303.87 

304.54 

305.21 

305.88 

306.56 

307.25 

307.92 

308.59 

309.27 

309.95 

310.64 

311.32 

312.00 

312.68 

313.36 

314.04 



4 Feet. 



371.82 

372.71 

373.60 

374.49 

375.38 

376.27 

377.16 

378.07 

378.96 

379.85 

380.75 

381.65 

382.55 

383.46 

384.37 

385.28 

386.18 

387.05 

387.95 

388.85 

389.75 

390.65 

391.56 

392..S6 

393.27 

394.18 

395.09 

396.10 

397.00 

397.91 

398.82 

399.73 

400.64 

401.55 

402.46 

403.37 

404.29 

405.21 

406.12 

407.03 

407.94 

408.86 

409.78 

410.60 

411.52 

412.44 

413.36 

4l4.;« 

415.30 

416.22 

417.14 

418.07 

418.99 

419.91 

420.83 

421.75 

422.68 

423.61 



6 Feet 



563.60 

564.96 

566.32 

567.68 

569.04 

570.41 

571.78 

573.15 

574.51 

575.88 

577.25 

578.63 

579.99 

581.36 

582.73 

584.11 

585.49 

586.87 

588.25 

589.63 

591.01 

592.39 

593.77 

595.15 

596.53 

597.91 

599.30 

600.69 

602.08 

603.47 

604.86 

606.25 

607.64 

609.03 

610.42 

611.82 

613.22 

614.62 

616.01 

617.41 

618.81 

620.21 

621.61 

623.01 

624.41 

625.82 

627.23 

628.64 

630.05 

631.46 

632.87 

634.28 

635.69 

637.10 

6:38.51 

639.92 

641.34 

642.76 



7 Feet 



659.75 

661.34 

662.68 

664.28 

665.88 

667.48 

669.08 

670.68 

672.28 

673.79 

675.40 

677.01 

678.72 

680.33 

681.94 

683.55 

685.16 

686.78 

688.39 

690.01 

691.63 

693.25 

694.87 

696.49 

698.11 

699.73 

701.36 

702.99 

704.62 

706.25 

707.88 

709.51 

711.14 

712.77 

714.40 

716.04 

717.68 

719.32 

720.96 

722.60 

724.24 

725.88 

727.53 

729.17 

730.82 

732.47 

734.12 

735.77 

737.42 

739.07 

740.72 

742.38 

744.04 

745.70 

747.136 

749.02 

750.68 

752.34 



8 Feet 



755.39 

757.22 

759.05 

760.88 

762.71 

764.55 

766.39 

768.23 

770.07 

771.91 

773.75 

775.59 

777.44 

779.29 

781.14 

782.99 

784.84 

786.69 

788.54 

790.39 

792.26 

794.11 

795.97 

797.83 

799.69 

801.55 

803.42 

805.29 

807.16 

809.03 

810.90 

812.77 

814.64 

816.51 

818.38 

820.26 

822.14 

8124.02 

825.90 

827.78 

829.66 

831.55 

833.44 

835.33 

837.22 

839.11 

841.00 

842.90 

844.79 

846.69 

848.59 

850.49 

852.39 

8.W.31 

856.23 

858.15 

860.08 

861.91 



10 Feet 



947.17 
949.47 
951.77 
954.07 
956.38 
958.69 
961.00 
963.31 
965.62 
967.93 
970.24 
972.55 
974.88 
977.20 
979.52 
981.84 
984.17 
986.50 
988.83 
991.16 
993.49 
995.83 
998.17 
1000.51 
1002.85 
1005.19 
1007.53 
1009.88 
1012.23 
1014.58 
1016.93 
1019.28 
1021.64 
1023.99 
1026.35 
1028.71 
1031.07 
1033.43 
1035.80 
1038.17 
1040.54 
1042.91 
1045.28 
1047.65 
1050.02 
1052.40 
1054.78 
1057.16 
lOSO.-W 
1061.95 
1064.35 



12 Feet 



1138.96 

1141.73 

1144.50 

1147.27 

1150.05 

1152.83 

1155.61 

1158.39 

1161.17 

116:3.96 

1166.75 

1169.54 

1172.33 

1175.12 

1177.92 

1180.72 

1183.52 

1186.32 

1189.13 

1191.94 

1194.75 

1197.56 

1200.37 

1203.19 

1206.01 

1208.83 

1211.65 

1214.48 

1217.31 

1220.14 

1222.97 

1225.80 

1228.63 

1231.47 

1234.31 

1237.21 

1240.05 

1242.84 

1245.69 

1248.54 

1251.39 

1254.24 

1257.10 

1269.96 

1262.82 

1265.68 

1268.55 

1271.42 

1274.29 

1277.16 

1280.03 



16 Feet 



1066.75 1282.91 
1069.091285.79 
1071.48'l288.67 
1073.87 1291.55 



1076.26 
1078.66 
1081.06 



1294.43 
1297.32 
1300.21 



1522.53 

1526.24 

1529.95 

1533.67 

1537.39 

1541.11 

1544.83 

1546.55 

1662.28 

1556.01 

1559.74 

1663.48 

1567.22 

1570.96 

1574.71 

1578.46 

1582.21 

1585.96 

1589.72 

1693.48 

1697.24 

1601.01 

1604.78 

1606.97 

1610.37 

1614.17 

1617.97 

1623.67 

1627.46 

1631.25 

1635.04 

1638.83 

1642.63 

1646.43 

1650.23 

1654.04 

1667.86 

1661.66 

1666.48 

1669.30 

1673.12 

1676.94 

1680.76 

1684.69 

1688.42 

1692.26 

1696.10 

1699.94 

1703.79 

1707.64 

1711.49 

1715.34 

1719.19 

1723.05 

1726.91 

1730.71 

17.34.63 

1738.50 



20 Feet. 



1906.10 

1910.75 

1915.40 

1920.06 

1924.72 

1929.78 

1934.04 

1938.71 

1943.39 

1948.07 

1962.45 

1957.43 

1962.11 

1966.76 

1971.42 

1976.08 

1970.74 

1985.60 

1990.31 

1995.02 

1999.74 

2004.46 

2009.18 

2013.19 

2018.64 

2023.38 

2028.12 

2032.86 

2037.61 

2042.36 

2047.11 

2051.86 

2066.62 

2061.39 

2066.16 

2070.93 

2075.70 

2080.48 

2085.26 

2090.05 

2094.84 

2099.63 

2104.42 

2109.22 

2114.03 

2118.84 

2123.65 

2128.46 

2133.28 

2138.10 

2142.92 

2147.75 

2152.68 

2167.42 

2162.26 

2167.10 

2171.95 

2176.80 
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on 
Weir. 


LENGTH OF THE WEIB. 


FMt 


8 Feet. 


4 Feet 


6 Feet 


7 Feet 


8 Feet. 


10 Feet 


12 Feet 


16 Feet 


20 Feet 


.729 
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479.31 


728.03 
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976.76 
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.752 


371.28 


501.57 


762.16 


892.45 


1022.75 


1283.33 
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.753 
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.756 


374.14 


505.47 
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.757 


374.85 
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769.65 
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1032.84 
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1559.21 


2085.60 
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903.00 
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1562.28 


2089.71 
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2622.28 
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1047.01 


1313.86 


1580.70 


2114.41 


2648.11 
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381.21 
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38i.93 
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925.98 


1061.24 


1331.76 
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2684.40 
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385.65 
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792.23 
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1063.28 


1334.22 
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2689.60 


.773 


386.37 
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793.74 


929.53 


1065.32 


1.336.89 
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2151.63 


2694.80 


.774 


387.09 


523.15 


795.25 


931.31 


1067.36 


1339.46 


1611.57 


2166.78 
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.775 


387.82 


524.14 


798,77 


933.09 


1069.40 


i;342.03 


1614.67 


2159.93 


2705.20 


.776 


388.54 


525.12 


798.28 


9M.87 


1071.44 


1344.60 


1617.77 


2164.09 


2710.41 


.777 


389.26 


526.11 


799.79 


936.65 


1073.48 


1347.17 


1620.87 


2168.19 


2715.62 


.778 


389.98 


627.10 


801.31 


938.43 


1075.63 


];W9.75 


1623.97 


2172.36 


2720.84 


.779 


390.61 


528.09 


802.83 


940.21 


1077.58 


1352..33 


1627.07 


2176.51 


2726.06 


.780 


391.44 


529.08 


804.35 


941.99 


1079.63 


1354.91 


1630.18 


2180.73 


2731.28 


.781 


392.16 


530.07 


805.87 


943.77 


1081.68 


1.357.49 


163.3.29 


21&4.90 


2736.51 


.782 


392.88 


531.06 


807..39 


945.56 


1083.73 


136^>.07 1636.40 


2189.07 


2741.74 


.783 


393.61 


532.05 


808.91 


947.35 


1085.78 


1362.65 


1639.51 


2193.24 


2746.97 


.784 


391.34 


533.04 


810.43 


949.14 


1087.83 


1365.23 


1642.62 


2197.41 


2762.21 


.785 


395.07 


534.04 


811.96 


950.93 


1089.89 


1367.82 


1645.74 


2201.59 


2757.46 


.786 


395.79 


535.03 


813.48 


952.72 


1091 94 


1370.40 


1648.86 


2205.77 


2762.69 
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Depth 


' ■ . M . ■ ■ , ^ ^ ,. ■ . , y , _ . 


on 


LBHGTH OF THB WBIB. 


Weir. 




Feet 


3 Feet 


4 Feet 


6 Feet 


7 Feet 


8 Feet. 


10 Feet. 


12 Feet 


16 Feet 


2D Feet. 


.787 


396.51 


536.02 


815.00 


954.51 


1094.00 


1372.99 


1661.98 


2209.96 


2767.94 


.788 


397.24 


537.01 


816.63 


956.30 


1096.06 


1375.68 


1665.10 


2214.14 


2773.19 


.789 


397.97 


538.01 


818.06 


958.09 


1098.12 


1378.17 


1668.22 


2218.33 


2778.44 


.790 


398.71 


639.01 


819.09 


959.88 


1100.18 


1380.76 


1661.36 


2222.62 


2783.69 


.791 


399.44 


540.00 


821.12 


961.67 


1102.24 


1383.36 


1664.48 


2226.71 


2788.95 


.792 


400.17 


540.99 


822.65 


963.47 


1104.30 


1386.95 


1667.61 


2230.91 


2794.21 


.793 


400.90 


541.00 


824.18 


965.27 


1106.36 


1388.66 


1670.74 


2235.11 


2799.48 


..794 


401.63 


642.00 


825.71 


967.07 


1108.43 


1391.15 


1673.87 


2239.31 


2804.75 


.796 


402.36 


543.99 


827.24 


968.87 


1110.50 


1393.75 


1677.00 


2243.51 


2810.02 


.796 


403.09 


544.99 


828.77 


970.67 


1112.57 


1396..35 


1680.14 


2247.72 


2815.30 


.797 


403.82 


545.99 


829.30 


972.47 


1114.04 


1398.95 


1683.28 


2251.93 


2820.68 


.798 


404.55 


646.99 


830.84 


974.27 


1116.71 


1401.56 


1686.42 


2256.14 


2825.86 


.799 


405.28 


547.99 


832.38 


976.07 


1118.78 


1404.17 


1689.56 


2260.35 


2831.14 


.800 


406.02 


548.99 


834.92 


977.88 


1120.85 


1406.78 


1692.71 


2264.57 


2836.43 


.801 


406.75 


549.99 


836.45 


979.68 


1122.92 


1409.39 


1696.86 


2268.79 


2W1.72 


.802 


407.48 


550.99 


837.99 


981.49 


1124.99 


1412.00 


1699.01 


2273.01 


2M7.02 


.803 


408.22 


551.99 


839.53 


983.30 


1127.07 


1414.61 


1702.16 


2277.23 


2862.32 


.804 


408.96 


552.99 


841.07 


985.11 


1129.15 


1417.22 


1706.31 


2281.46 


2857.62 


.805 


409.69 


554.00 


842.61 


986.92 


1131.23 


1419.84 


1708.46 


2285.69 


2862.92 


.806 


410.42 


654.00 


844.15 


988.73 


113:3.31 


1422.46 


1711.61 


2289.92 


2868.23 


.807 


411.15 


555.00 


845.69 


990.34 


1135.39 


1425.08 


1714.77 


2294.15 


2873.64 


.808 


411.89 


556.00 


847.23 


992.35 


1137.47 


1427.70 


1717.93 


2298.39 


2878.85 


.809 


412.63 


557.01 


848.78 


994.16 


1139.56 


1430.32 


1721.09 


2302.63 


2884.17 


.810 


413.37 


559.02 


850.33 


995.98 


1141.64 


1432.96 


17'24.25 


2306.87 


2889.49 


.811 


414.10 


559.02 


851.87 


997.79 


1143.72 


1435.67 


1727.42 


2311.12 


2894.82 


.812 


414.83 


560.03 


853.42 


999.61 


1145.87 


1438.20 


17.'J0.59 


2315.37 


2900.16 


.813 


415.67 


561.04 


854.97 


1001.43 


1147.96 


1440.83 


1733.76 


2319.62 


2905.48 


.814 


416.31 


561.05 


856.52 


1003.25 


1150.06 


1443.86 


1736.93 


2323.87 


2910.81 


.815 


417.06 


564.06 


858.07 


1006.07 


1152.08 


1446.09 


1740.10 


2328.12 


2916.14 


.816 


417.79 


565.07 


859.62 


1006.89 


1154.17 


1448.72 


1743.27 


2332.38 


2921.48 


.817 


418.53 


566.08 


861.17 


1008.71 


1156.26 


1451.35 


1746.45 


2336.64 


2926.82 


.818 


419.27 


567.09 


862.72 


1010.63 


1158.35 


1453.99 


1749.63 


2340.90 


2932.17 


.819 


420.01 


568.10 


864.27 


1012.46 


1160.45 


1466.63 


1750.81 


2345.16 


2937.52 


.820 


420.75 


569.11 


865.83 


1014.19 


1162.55 


1469.27 


17.55.99 


2349.43 


2942.87 


.821 


421.59 


570.12 


867.38 


1016.01 


1164.66 


1462.91 


1759.17 


235:3.70 


2918.23 


.822 


122.33 


571.13 


868.93 


1017.84 


1166.75 


1465.55 


1760.35 


2357.97 


2953.59 


.823 


123.07 


572.14 


870.49 


1019.67 


1168.86 


1468.19 


176:3.54 


2362.24 


2958.96 


.824 


123.81 


573.15 


872.05 


1021.50 


1170.96 


1470.83 


1766.73 


2366.52 


2964.31 


.825 


424.45 


.574.17 


873.61 


1023.33 


1173.05 


1472.48 


1771.92 


2370.80 


2969.67 


.826 


42.5.19 


675.18 


875.17 


1025.16 


1175.15 


1475.13 


1775.11 


2375.08 


2975.04 


.827 


425.93 


576.19 


876.73 


1026.99 


1177.25 


1477.78 


1778.30 


2379.36 


2980.42 


.828 


426.68 


577.21 


878.29 


1028.82 


1179.36 


1480.4:3 


1781.50 


2381.65 


2985.80 


.829 


427.43 


578.24 


879.85 


1030.65 


1181.47 


14a-3.08 


1784.70 


2383.94 


2991.18 


.830 


428.17 


579.25 


881.41 


1032.49 


118.3.58 


1485.74 


1787.90 


2:392.23 


2996.66 


.831 


428.91 


580.26 


882.97 


1034..33 


1185.69 


1488.39 


1791.10 


2396.53 


3001.96 


.832 


429.65 


.581.28 


884.53 


1036.17 


1187.70 


1401.06 


1794.30 


2400.83 


3007.34 


.833 


430.40 


582.30 


886.10 


1038.01 


1189.81 


1493.71 


1797.51 


2405.13 ' 3012.73 


.8:34 


431.15 


583.32 


887.67 


1039.85 


1191.92 


1496.37 


1800.72 


2409.43 


3018.13 


.835 


431.89 


584.34 


889.24 


1041.69 


1194.13 


1499.03 


1803.93 


2413.73 


3023.53 


.836 


432.63 


585..36 


890.80 


1043.53 


1196.24 


1501.69 


1807.14 


2418.04 1 3028.93 


.837 


433.37 


580.38 ' 892.37 


1045.37 


1198.35 


1504.35 


1810.36 


2422.35 ' 3034.34 


.838 


434.12 


587.40 


893.94 


1047.21 


1200.47 


1507.02 


1813.66 


2426.66 i 3039.75 


.839 


4.34.87 


.588.42 


895.51 


1049.05 


1202.59 


1509.69 


1816.78 


2430.97 1 3045.16 


.840 


435.62 


Ooy."**! 


897.08 


1050.90 


1204.72 


1512.36 


1820.00 


2435.29 


3050.57 


.841 


436.36 


.590.46 


898.65 


10.52.74 


1206.84 


1515.03 


1823.22 


2439.61 


3055.99 


.842 


437.10 


591.48 


900.22 


1054.59 


VIOH.m 


1617.70 


1826.44 


2443.93 


3061.41 


.843 


437.85 


592.50 


901.79 


10.56.44 


1211.08 


1520.:37 


1829.66 


2448.25 


3066.83 


.844 


438.60 


693.63 


903.37 


1058.29 


1213.21 


1523.06 


1832.89 


2452.58 


3072.26 
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Depth 


=3 


on 
"Weir. 


LICyOTH OF THE WEIR. 


Feet. 


3 Feet. 


4 Feet. 


6 Feet. 


7 Feet 


8 Feet. 


10 Feet 


12 Feet 


16 Feet 


20 Feet 


.845 


439.36 


594.56 


904.95 


1060.14 


1215.34 


1525.73 


1836.12 


2456.91 


3077.69 


.846 


440.11 


595.58 


906.52 


1061.99 


1217.47 


1528.41 


1839.35 


2461.24 


3083.13 


.847 


440.86 


596.60 


908.10 


1063.84 


1219.60 


1531.09 


1842.58 


2465.57 


3088.53 


.848 


441.61 


597.62 


909.68 


1065.69 


1221.73 


1533.77 


1845.81 


2469.91 


3093.97 


.849 


442.36 


598.65 


911.26 


1067.54 


1223.86 


1536.45 


1849.05 


2474.25 


3099.41 


.850 


443.11 


599.68 


912.84 


1069.41 


1225.99 


1539.14 


1852.29 


2478.59 


3104.89 


.851 


443.86 


600.71 


914.42 


1071.26 


1228.12 


1541.82 


1855.53 


2482.93 


8110.34 


.852 


444.61 


601.74 


916.00 


1073.12 


1230.25 


1544.51 


1858.77 


2487.28 


3115.79 


.853 


445.36 


602.77 


917.58 


1074.98 


1232.38 


1547.20 


1862.01 


2491.63 


3121.25 


.854 


446.11 


603.80 


919.16 


1076.84 


1234.52 


1549.89 


1865.25 


2495.98 


3126.71 


.855 


446.87 


601.83 


920.74 


1078.70 


1236.66 


1552.58 


1868.50 


2500.33 


3132.17 


.856 


447.62 


605.86 


922.32 


1080.56 


1238.80 


1555.27 


1871.75 


2504.69 


3137.64 


.857 


448 37 


606.89 


923.90 


1082.32 


1240.91 


1557.96 


1875.00 


2509.05 


3143.11 


.858 


449.12 


607.92 


925.49 


1084.18 


1W3.08 


1560.66 


1878.25 


2513.41 


3148.68 


.859 


449.87 


608.95 


927.08 


1086.05 


1245.22 


1563.36 


1881.50 


2517.77 


3154.05 


.8fi0 


450.63 


609.98 


928.67 


1088.02 


1247.37 


1566.06 


1884.75 


2522.14 


3159.53 


.861 


451.38 


610.01 


930.26 


1089.88 


1249.51 


1568.76 


1888.01 


2526.51 


3165.01 


.862 


452.13 


611.04 


932.85 


1091.75 


1251.65 1571.46 


1891.27 


2530.88 


3170.49 


.863 


452.89 


612.07 


931.45 


1093.62 


1253.80 1574.16 


1894.53 


2535.25 


3175.98 


.864 


453.65 


613.11 


936.04 


1095.49 


1255.85 


1576.87 


1897.79 


2539.63 


3181.47 


.865 


454.41 


615.15 


936.62 


1097.36 


1258.10 


1579.58 


1901.05 


2544.01 


3186.96 


.866 


455.16 


616.18 


938.21 


1099.23 


1260.25 


1582.29 


1904.32 


2548.39 


3192.46 


.867 


455.91 


617.21 


939.80 


1101.10 


1262.40 


1585.00 


1907.59 


2552.77 


3197.96 


.868 


456.67 


618.25 


941.39 


1102.97 


1264.55 


1587.71 


1910.86 


2557.15 


3203.46 


.869 


457.43 


619.29 


942.98 


1104.85 


1266.70 


1590.42 


1914.13 


2561.64 


3208.96 


.870 


458.19 


620.33 


914.59 


1106.73 


1268.86 


1593.13 


1917.40 


2565.93 


3214.47 


.871 


458.94 


621.36 


946.18 


1108.60 


1271.01 


1595.84 


1920.67 


2570.32 


3219.98 


.872 


459.71 


622.40 


947.78 


1110.48 


1273.17 


1598 56 


1923.95 


2674.72 


3226.60 


.873 


460.46 


623.44 


d49.38 


1112.36 


1275.33 


1601.28 


1927.23 


2.579.12 


3231.02 


.874 


461 .22r 


624.48 


950.98 


1114.24 


1277.49 


1604.00 


1930.51 


2583.52 


3236.54 


.875 


461.98 


-625.52 


952.58 


1116.12 


1279.65 


1606.72 


1933.79 


2587.92 


3242.06 


.876 


462.74 


626.56 


954.18 


1118.00 


1281.81 


1609.44 


1937.07 


2592.33 


3247.59 


.877 


463.50 


627.60 


955.78 


1119.88 


1283.97 


1612.16 


1940.35 


2596.34 


3253.12 


.878 


464.26 


628.64 


957.38 


1121.76 


1285.13 


1614.89 


1943.64 


2600.75 


3258.65 


.879 


465.02 


629.68 


958.99 


1123.64 


1287.30 


1617.62 


1946.93 


2605.16 


3264.18 


.880- 


465.78 


630.72 


960.60 


1125.53 


1290.47 


1620.35 


1950.22 


2609.97 


3269.72 


.881 


466.54 


631.76 


962.20 


1127.38 


1292.64 


1623.08 


1953.61 


2614,39 


3275.26 


.882 


467.30 


632.8D 


963.80 


1129.27 


1291.81 


1625.81 


1956.81 


2618.81 


3280.81 


.883 


468.06 


633.84 


965.40 


1131.16 


1296.98 


1628.54 


1960.11 


2623.23 


3286.36 


.881 


468.82 


631.89 


967.00 


1133.05 


1299.15 


1631.27 


1963.41 


2627.65 


3291.91 


.885 


469.59 


635.94 


968.63 


1134.97 


1301.32 


1634.01 


19C6.70 


2632.08 


3297.46 


.886 


470.35 


636.98 


970.24 


1136.86 


1303.49 


1636 75 


1970.00 


2636.51 


3303.02 


.887 


471.11 


638.02 


971.85 


1138.75 


1305.66 


1639.49 


1973.30 


2640.94 


3308.58 


.888 


471.87 


639.07 


973.46 


1140.64 


1307.83 


1612.23 


1976.60 


2615.37 


3314.14 


.889 


472.64 


610.12 


975.07 


1142.54 


1310.01 


1644.97 


1979.91 


2649.81 


3319.71 


.890 


473.41 


641.17 


976.68 


1141.44 


1312.19 


1647.71 


1983.22 


2654.25 


3325.28 


.891 


474.17 


612.21 


979.90 


1146.33 


1314.37 


1650.45 


1986.53 


2658.76 


3330.85 


.892 


474.93 


643.25 


971.51 


1148 23 


1316.55 


1653.19 


1989.84 


2663.28 


3336.45 


.893 


475.70 


641.33 


973.12 


1153.13 


1318.73 


1655.93 


1993.16 


2G67.80 


3342.03 


.894 


476.47 


645.35 


974.14 


1152.03 


1320.91 


1658.61 


1996.48 


2672.32 


3347.61 


.895 


477.24 


646.41 


984.75 


1153.93 


1323.10 


1661.44 


1999.80 


2676.48 


3353.17 


.896 


478.03 


647.46 


986.37 


1155.83 


1325.28 


16(>4.19 


2003.12 


2680.93 


3358.76 


.897 


478.76 


618.51 


987.99 


1157.73 


1327.46 


1666.94 


2006.44 


2685.39 


3364.35 


.898 


479.54 


649.56 


989.61 


1159.63 


1329.65 


1669,70 


2009.76 1 2689.85 


3369.94 


.899 


480.31 


650.61 


991.23 


1161.53 


1331.84 


1672.46 


2013.08 


2694.31 


3375 50 


.900 


481.07 


651.66 


992.85 


1163.44 


1334.03 


1675.22 


2016.40 


2698.77 


3381.14 


.901 


481.83 


6.52.71 


991.47 


1165.34 


1.336.22 


1677.98 


2019.73 


270.3.24 


a386.74 


.d02 


482.60 


653.76 


996.09 


1167.25 


1338.41 


1680.74 


202J.06 


2708.71 


3392.35 
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DcDfh 








on 
Weir. 


LENGTH OF THE WEIR. 


Feet. 


3 Feet. 


4FeeL 


6 Feet. 


7 Feet 


8 Feet 


10 Feet 


12 Feet 


16 Feet 


20 Feet 


.903 


483.37 


654.81 


997.71 


1169.16 


1340.60 


1683.50 


2026.39 


2713.18 


3397.96 


.904 


484.14 


665.87 


999.33 


1171.07 


1312.79 


1686.26 


2029.72 


2717.65 


3403.57 


.905 


484.91 


656.93 


1000.96 


1172.98 


1314.99 


1689.02 


2033.05 


2721.12 


3409.18 


.906 


485.68 


657.98 


1002.68 


1174.89 


1*47.18 


1691.79 


2036.39 


2726.60 


3414.80 


.907 


486.45 


659.03 


1001.20 


1176.80 


1319.38 


1691.56 


2039.73 


2730.08 


3420.42 


.908 


487.22 


660.09 


1006.83 


1178.71 


1351.58 


1697.33 


2043.07 


27»4.56 


3425.04 


•909 


487.99 


661.15 


1007.46 


118U.62 


1353.78 


1700.10 


2047.41 


2739.04 


3431.66 


.910 


488.76 


662.21 


1009.09 


1182.54 


1355.98 


1702.87 


2049.75 


2743.53 


3437.30 


.911 


489.53 


663.26 


1010.72 


1184.46 


1358.18 


1705.64 


2053.09 


2748.02 


3442.93 


.912 


490.30 


664.32 


1012.36 


1186.:j6 


1360.38 


1708.41 


2056.44 


2752.51 


3448.57 


.913 


491.07 


666.38 


1013.98 


1188.28 


1362.58 


1711.19 


2059.79 


2757.00 


3454.21 


.914 


491.84 


666.44 


1015.61 


1190.28 


1364.79 


1713.97 


2063.14 


2761.49 


3459.85 


.915 


492.62 


667.60 


1017.25 


1192.12 


1367.00 


1716.75 


2066.49 


2765.99 


3465.49 


.916 


493.39 


668.56 


1018.88 


1194.04 


1369.20 


1719.63 


2(;69.84 


2770.49 


3471.14 


.917 


494. Iti 


669.62 


1020.51 


1195.96 


1371.41 


1722.31 


2073.20 


2774.99 


3476.79 


.918 


494.93 


670.68 


1022.14 


1197.88 


1373.62 


1725.09 


2070.56 


2779.50 


3482.44 


.919 


495.71 


671.74 


1024.78 


1199.80 


1375.83 


1727.87 


2079.92 


2784.01 


3488.10 


.920 


496.49 


672.80 


1025.42 


1201.73 


1378.01 


1730.66 


2083.28 


2788.52 


3493.76 


.921 


497.26 


673.86 


1027.05 


1203.65 


1380.25 


1733.45 


2086.61 


2793.03 


3499.42 


.922 


498.03 


674.92 


1028.69 


1205.57 


1382.46 


1736.24 


2090.00 


2797.55 


3505.09 


.923 


498.80 


676.98 


1030.33 


1207.50 


1384.67 


1739.03 


2093.37 


2802.07 


3510.76 


.924 


499.58 


677.05 


1031.97 


1209.43 


1386.89 


1741.82 


2096.74 


2806.59 


3516.43 


.925 


500.36 


678.12 


1033.61 


1211.36 


1389.11 


1744.61 


2100.11 


2811.11 


3522.10 


.926 


501.13 


679.18 


1036.25 


1213.29 


1391.33 


1747.40 


2103.48 


2815.63 


3527.78 


.927 


501.91 


680.24 


1036.89 


1215.22 


1393.55 


1751.20 


2106.85 


2820.16 


3533.48 


.928 


502.69 


681.30 


1038.63 


1217.15 


1395.77 


1754.00 


2110.22 


2824.69 


3539.16 


.929 


603.47 


681.37 


1040.17 


1219.08 


1397.99 


1756.80 


2113.60 


2829.23 


3544.85 


.930 


604.25 


683.44 


1041.82 


1221.02 


1400.21 


1758.60 


2116.98 


2833.75 


3550.52 


.931 


605.02 


681.60 


1043.46 


1222.95 


1402.43 


1761.40 


2120.30 


2838.29 


3656.21 


.932 


605.80 


685.57 


1045.11 


1224.88 


1404.65 


1764.20 


2123.68 


2842:83 


3561.91 


.933 


206.68 


686.61 


1046.76 


1226.82 


1406.88 


1767.00 


2127.06 


2847.37 


3567.61 


.934 


207.36 


687.73 


1048.41 


1228.76 


1409.11 


1769.81 


2130.45 


2851.91 


3673.31 


.936 


608.14 


688.78 


1050.06 


1230.70 


1411.34 


1772j62 


2133.90 


2856.45 


3579.01 


.936 


508.92 


689 86 


1051.71 


1232.61 


1413.57 


1775.43 


2137.29 


2861.00 


3584.72 


.937 


609.70 


690.92 


1063.36 


1231.68 


1415.80 


1778.24 


2140.68 


2865.65 


3590.43 


.938 


510.48 


691.99 


1065.01 


1236.52 


1418.03 


1781.05 


2144.07 


2870.10 


3596.14 


.939 


511.26 


693.06 


1066.66 


1238.46 


1420.26 


1783.86 


2147.46 


2874.66 


3601.86 


.910 


512.04 


694.13 


1068.31 


1240.40 


1422.49 


1786.67 


2150.85 


2879.22 


3607.58 


.941 


512.82 


695.20 


1069.96 


1242.31 


1421.72 


1789.48 


21M.25 


2883.78 


3613.30 


.942 


613.60 


696.27 


1061.61 


1244.38 


1426.95 


1792.30 


2157.66 


2888.34 


3619.03 


.943 


514.88 


697.31 


1063.26 


1246.23 


1429.19 


1795.12 


2161.05 


2892.90 


3624.76 


.944 


616.16 


698.41 


1064.92 


1248.18 


1431.43 


1797.14 


2164.45 


2897.46 


3630.49 


.916 


616.95 


699.49 


1066.68 


1250.13 


1433.67 


1800.76 


2167.85 


2902.03 


3636.22 


.946 


616.73 


700.66 


1068.23 


1262.18 


1436.91 


1803.58 


2171.26 


2906.60 


3641.96 


.947 


517.51 


701.63 


1069.89 


1251.13 


1438.15 


1806.40 


2174.67 


2911.17 


3647.70 


ftlft 


518.29 


702.71 


1071.55 


1256.08 


1440.39 


1809.23 


2178.08 


2915.75 


3653.44 


.919 


519.07 


703.79 


1073.21 


1258.03 


1442.63 


1812.06 


2181.49 


2920.33 


3659.18 


.960 


619.86 


704.87 


1074.87 


1259.88 


1444.88 


1814.89 


2184.90 


2924.91 


3664.93 


.951 


520.64 


705.94 


1076.53 


1261.13 


1447.12 


1817.72 


2188.31 


2929.49 


3670.68 


.952 


621.42 


707.01 


1078.19 


1263.08 


1449.36 


1820.56 


2191.72 


2934.07 


3676.43 


.953 


522.20 


708.09 


1079.85 


1265.03 


1451.61 


1823.38 


2195.14 


2938.65 


3682.19 


.954 


522.99 


709.17 


1081.51 


1266.99 


1453.86 


1826.21 


2198.66 


2943.24 


3687.95 


.955 


523.78 


710.25 


1063.18 


1269.65 


1456.11 


1829.06 


2201.98 


2947.85 


3693.71 


.906 


624.56 


711.33 


1084.84 


1271.61 


1458.36 


1831.88 


2205.40 


2952.44 


3699.48 


.957 


525.34 


712.41 


1066.50 


1273.57 


1460.61 


1834.72 


2208.82 


2957.04 


3705.25 


.958 


526.13 


713.49 


1088.17 


1275.53 


1462.86 


1837.56 


2212.25 


2961.64 


3711.02 


.959 


626.92 


714.57 


1089.84 


1277.49 


1465.12 


1M0.40 


2215.68 


2966.24 


3716.79 


.960 


527,71 


715.65 


1091.51 


1279.45 


1467.38 


1843.24 


2219.11 


2970.84 


3722.57 
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3 


on 


M»OTH or THE WEIB. 


Weir. 






Feet. 


8 Feet 


4 Feet 


6 Feet 


7 Feet 


8 Feet 


10 Feet 


IS Feet 


16 Feet 


20 Feel. 


.961 


528.49 


716.73 


1093.18 


1281.41 


1469.63 


1846.08 


2222.54 


2976.45 


3728.35 


.962 


529.28 


717.81 


1094.85 


1283.37 


1471.89 


1848.92 


2225.97 


2980.06 


3734.13 


.963 


630.07 


718.89 


1096.52 


1285.33 


1474.15 


1861.77 


2229.40 


2984.67 


3739.92 


.964 


630.86 


719.97 


1098.20 


1287.30 


1476.41 


1864.62 


2232.84 


2989.28 


3746.71 


.965 


631.65 


721.06 


1099.86 


1289.27 


1478.67 


1867.47 


22;«.28 


2993.89 


3761.60 


.966 


632.44 


722.14 


1101.53 


1291.23 


1480.93 


1860.32 


2239.72 


2998.61 


3757.30 


.967 


533.23 


723.22 


1102.60 


1293.20 


1483.19 


1863.17 


:^3.16 


3003.13 


3763.10 


.968 


534.02 


724.30 


1104.27 


1295.17 


1486.45 


1866.02 


2<M6.60 


3007.75 


3768.90 


.969 


534.81 


725.39 


1105.95 


1297.14 


1487.71 


1868.88 


^250.04 


3014.37 


3774.70 


.970 


535.60 


726.48 


1108.23 


1299.11 


1489.98 


1871.74 


2253.49 


3017.00 


3780.60 


.971 


536.59 


727.56 


1109.93 


1301.08 


1492.25 


1874.60 


Jt256.»4 


3021.63 


3786.31 


.972 


537.38 


728.64 


1111.68 


1303.06 


1494.52 


1877.46 


1260.39 


3026.26 


3792.12 


.973 


538.18 


729.73 


1113.18 


1305.02 


1496.79 


1880.32 


•-6263.84 


3030.89 


3797.W 


.974 


538.97 


730.82 


1114.86 


1306.99 


1499.06 


1883.18 


2267.29 


3036.62 


3803.76 


.975 


539.55 


731.91 


1110.62 


1308.97 


1501.33 


1886.04 


ii270.74 


3040.16 


C8(>9.68 


.976 


540.34 


732.99 


1118.30 


1310.91 


1503.60 


1888.90 


2274.20 


3044.80 


3815.41 


.977 


541.13 


734.08 


1119.90 


1312.92 


1505.87 


1891.76 


2277.66 


3049.44 


3621.24 


.978 


611.92 


736.17 


1121.66 


1314.90 


1508.14 


18{>4.63 


2281.12 


3054.C9 


3827.07 


.979 


642.72 


736.26 


im^-M 


1316.88 


1510.42 


1897.50 


2284.58 


3058.74 


2832.90 


.980 


643.62 


737.36 


1125.02 


1318.86 


1512.70 


1900.37 


2288.04 


3063.39 


3838.73 


.98L 


544.31 


738.44 


1126.70 


1320.84 


1514.97 


1903.24 


2291.50 


:i0(:8.05 


3844.57 


.982 


645.10 


739.63 


1128.;« 


1322.82 


1517.26 


1906.11 


2294.97 


3072J1 


3860.41 


.983 


.'$46.89 


740.62 


1130.07 


1323.80 


1619.53 


1908.98 


2298.44 


3<»77.37 


2856.25 


Qftl 


646.69 


741.71 


1131.76 


1325.73 


1521.81 


1911.86 


2301.91 


mS'2.03 


3862.00 


.985 


647.49 


742.81 


1133.46 


1328.77 


1524.09 


1914.74 


2305.28 


3086.66 


3867.96 


.986 


548.28 


743.90 


1136.13 


1330.76 


1626.37 


1917.62 


23r.8.85 


3091.32 


3873.80 


.967 


549.07 


744.99 


11.36.82 


1332.73 


1628.65 


1920.50 


2312.33 


8G96.99 


2879.66 


.988 


649.86 


746.08 


1138.51 


1334.72 


1530.94 


1923.38 


2315.81 


3100.66 


2885.22 


.989 


550.66 


747.17 


1140.20 


1336.71 


1533.23 


1926.26 


2319.29 


3105.33 


2891.38 


.990 


561.46 


748.27 


1141.89 


1338.70 


1535.52 


1929.14 


2322.76 


3110.00 


3897.24 


.991 


652.25 


749.36 


1143.58 


1340.69 


1537.80 


1932.02 


2326.24 


3114.67 


3903.11 


.992 


653.05 


750.46 


1146.27 


1342.68 


1540.09 


1934.90 


2G29.72 


8119.35 


3908.98 


.993 


653.85 


751.55 


1146.96 


1344.67 


1542.38 


1937.79 


2333.20 


3124.03 


3914.85 


.994 


564.65 


752.65 


1148.66 


1346.66 


1544.67 


1940.68 


2336.69 


3128.71 


3920.72 


.905 


555.45 


753.75 


1150.36 


1348.66 


1646.96 


11M3.57 


2:^0.18 


3133.39 


3926.60 


.996 


556.24 


754.84 


1152.05 


1350.65 


1649.25 


1946.46 


2343.67 


3128.08 


3932.48 


.997 


557.04 


755.94 


1163.74 


1352.64 


1561.54 


1949.35 


2347.16 


3142.77 


3928.37 


.998 


657.84 


757.04 


1155.44 


13U.64 


1663.84 


1952.24 


2350.65 


3147.40 


3944.26 


.999 


558.64 


758.14 


1157.14 


1356.64 


1556.14 


1955.14 


2354.14 


3152.09 


3960.15 


1.000 


659.44 


759.24 


1158.»4 


1368.64 


1558.44 


1958.(V4 


2357.64 


3156.84 


3966.04 


1.00L 




760.34 


1160.64 


1360.64 


1560.74 


1960.94 


2361.14 


3161.54 


3961.94 


1.002 




761.44 


1162.24 


1362.64 


1563.04 


1963.84 


2364.64 


3166.24 


3967.84 


1.003 


...... 


762.64 


1163.94 


1364.64 


1565.34 


1966.74 


23€8.14 


3170.94 


3973.74 


1.004 




763.64 


1165.64 


1366.64 


1567.64 


1969.64 


2871.64 


3176.64 


3979.64 


1.005 




764.74 


1167.34 


1368.64 


1669.»4 


1972.64 


2375.14 


3180.34 


3965.55 


1.006 




7G5M 


1169.04 


1370.64 


1572.24 


1975.44 


2&78.66 


3186.05 


3991.46 


1.007 




766.94 


1170.74 


1372.64 


1574.54 


1978.36 


2382.16 


3189.76 


3977 J7 


1.008 




768.04 


1172.44 


1374.64 


1676.85 


1981.26 


2L85.67 


3194.47 


4003.28 


1.009 




769.14 


1174.19 


1376.65 


1578.16 


1984.17 


2;^89.18 


3199.18 


4009.20 


1.010 




770.25 


1175.86 


1378.66 


1681.47 


1987.08 


2S92.69 


3203.90 


4015.12 


1.011 




771.35 


1177.66 


1380.66 


1583.78 


1989.99 


2396.20 


3208.34 


4021.06 


1.012 




772.45 


1170.27 


1382.67 


1586.09 


1992.90 


2S99.71 


3213.06 


4026.96 


1.013 




773.55 


1180.98 


1384.68 


1588.40 


1996.81 


2403.23 


3217.78 


4032.91 


1.014 




774.66 


1182.69 


1386.69 


1590.71 


1998.73 


2406.75 


3222.51 


4038.84 


1.015 




776.77 


1184.40 


1388.71 


1593.02 


2001.65 


2410.27 


3227.52 


4044.77 


1.016 




776.87 


1186.11 


1390.72 


1596.33 


2004.67 


2413.79 


3232.25 


4060.7t 


1.017 




777.97 


1187.82 


1392.73 


1697.64 


2007.49 


2417.31 


3236.96 


4066.65 


1.018 




779.08 


1189.53 


13M.74 


1699.96 


2010.41 


2420.»4 


3241.71 


4062i» 
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Depth 


















on 
Weir. 






LEHQTH OF THB WKIB,' 






Feet. 


4 Feet 


6 Feet. 


7 Feet 


8 Feet 


10 Feet 


18 Feet 


16 Feet 


20 Feet 


1.019 


780.19 


1191.24 


1396.76 


1C02.28 


2013.33 


2424.37 


3246.45 


4068.64 


1.020 


781.30 


1192.95 


1398.78 


1604.60 


2016.26 


2427.90 


3251.19 


4074.49 


1.021 


782.41 


1194.66 


1400.79 


1606.92 


2019.16 


2431.43 


3255.93 


4080.44 


1.022 


783.52 


1196.37 


1402.81 


1609.24 


2022.06 


2434.96 


3260.67 


4086.40 


1.023 


784.63 


1198.09 


1404.83 


1611.56 


2024.97 


2438.49 


3266.42 


4092.36 


1.024 


785.74 


1199.81 


1406.85 


1613.88 


2027.88 


2442.02 


3270.17 


4098.32 


1.025 


. 786.85 


1201.53 


1408.87 


1616.21 


2030.89 


2445.56 


3274.92 


4104.28 


1.026 


787.96 


1203.24 


1410.89 


1618.53 


2033.82 


2449.10 


3279.67 


4110.25 


1.027 


789.07 


1204.96 


1412.91 


1620.85 


2026.75 


2452.64 


3284.32 


4116.22 


1.028 


790.18 


1206.68 


1414.93 


1623.18 


2039.88 


2456.18 


3289.18 


4122.19 


1.029 


791.28 


1208.40 


1416.95 


1625.51 


2042.82 


2469.72 


3293.94 


4128.16 


1.030 


792.40 


1210.12 


1418.98 


1627.84 


2045.56 


2463.27 


3298.70 


4134.14 


1.031 


793.51 


1211.84 


1421.00 


1630.17 


2048.50 


2466.82 


3303.46 


4140.12 


1.032 


794.62 


1213.56 


1423.03 


1632.50 


2061.44 


2470.37 


3308.23 


4146.10 


1.033 


795.73 


1215.28 


1425.a5 


1634.83 


2054.38 


2473.92 


3313.00 


4152.09 


1.034 


796.84 


1217.01 


1427.07 


1637.16 


2057.32 


2477.47 


3317.77 


4158.08 


1.035 


797.96 


1218.74 


1429.12 


1639.50 


2060.26 


2481.02 


3322.54 


4164.07 


1.036 


799.07 


1220.46 


1431.15 


1641.83 


2063.20 


2484.57 


3327.32 


4170.06 


1.037 


800.19 


1222.18 


1433.18 


1644.16 


2066.14 


2488.13 


3332.10 


4176.06 


1.038 


801.31 


1223.91 


1435.21 


1646.50 


2069.09 


2191.69 


3336.88 


4182.06 


1.039 


802.43 


1225.64 


1437.24 


1648.84 


2072.04 


2495.25 


3341.66 


4188.06 


1.040 


803.55 


1227.37 


1439.27 


1651.18 


2074.99 


2498.81 


3346.44 


4194.06 


1.041 


804.66 


1229.10 


1441.30 


1653.52 


2077.94 


2502.37 


3351.22 


4200.07 


1.042 


805.78 


1230.83 


1443.33 


1655.86 


2080.89 


2505.93 


3356.01 


4206.08 


1.043 


806.90 


1232.56 


1445.37 


1658.20 


2083.84 


2509.50 


3360.80 


4212.09 


1.044 


808.02 


1234.29 


1447.41 


1660.64 


2086.80 


2513.07 


3365.59 


4218.11 


1.045 


809.14 


1236.02 


1449.45 


1662.89 


2089.76 


2516.64 


3370.28 


4224.13 


1.046 


810.16 


1237.75 


1451.49 


1665.26 


2092.72 


2520.21 


3375.18 


4030.15 


1.047 


811.27 


1239.48 


1453.53 


1667.57 


2095.68 


2523.78 


3379.98 


4036.18 


1.048 


812.39 


1241.21 


1455.67 


1669.92 


2098.64 


2627.35 


3384.78 


4042.21 


1.049 


813.41 


1242.94 


1457.61 


1672.27 


2101.60 


2530.93 


3389.58 


4048.24 


1.050 


814.73 


1244.68 


1459.66 


1674.62 


2104.56 


2534.51 


3394.39 


4254.27 


1.051 


815.85 


1246.41 


1461.69 


1676.97 


2107.52 


25G8.09 


3399.20 


4260.31 


1.052 


816.97 


1248.14 


1463.73 


1679.32 


2110.49 


2541.67 


3404.01 


4266.35 


1.053 


818.09 


1249.88 


1465.77 


1681.67 


2113.46 


2545.25 


3408.82 


4272.39 


1.054 


819.21 


1251.62 


1467.82 


1684.02 


2116.43 


2548.83 


3413.63 


4278.43 


1.055 


820.34 


1253.36 


1469.87 


1686.38 


2119.40 


2552.41 


3418.45 


4284.48 


1.066 


821.46 


1255.10 


1471.92 


1688.73 


2122.37 


2556.00 


3423.27 


4290.53 


1.057 


822.58 


1256.84 


1473.97 


1691.09 


2125.34 


2559.59 


3428.09 


4296.58 


1.058 


823.71 


1258.58 


1476.02 


1693.46 


2128.31 


2563.18 


3432.91 


4302.63 


1.059 


824.84 


1260.32 


1478.07 


1695.81 


2131.28 


2566.77 


3437.73 


4308.69 


1.060 


825.97 


1262.07 


1480.12 


1698.17 


2134.26 


2570.36 


3442.56 


4314.75 


1.061 


827.09 


1263.81 


1482.17 


1700.53 


2137.24 


2573.95 


3447.39 


4320.82 


1.062 


828.21 


1265.55 


1484.22 


1702.89 


2140.22 


2677.56 


3452.22 


4326.89 


1.063 


829.34 


1267.29 


1486.27 


1705.25 


2143.20 


2581.16 


3467.06 


4332.96 


1.064 


830.47 


1269.04 


1488.32 


1707.61 


2146.18 


2584.75 


3461.89 


4339.03 


1.065 


831.60 


1270.79 


1490.38 


1709.98 


2149.16 


2588.36 


3466.73 
3471.57 


4346.10 


1.066 


832.72 


1272.53 


1492.43 


1712.34 


2152.14 


2591.95 


4361.18 


1.067 


833.85 


1274.28 


1494.49 


1714.70 


2155.13 


2595.56 


3476.41 


4357.26 


1.068 


834.98 


1276.03 


1496.65 


1717.07 


2158.12 


2599.16 


3481.25 


4363.34 


1.069 


836.11 


1277.78 


1498.61 


1719.44 


2161.11 


2602.71 


3486.10 


4369.42 


1.0T0 


837.24 


1279.53 


1500.67 


1721.81 


2164.10 


2606.38 


3490.95 


4375.51 


1.071 


838.37 


1281.28 


1502.73 


1724.18 


2167.09 


2609.99 


3495.80 


4381.60 


1.072 


839.50 


1283.03 


1604.79 


1726.55 


2170.08 


2613.60 


3600.65 


4387.70 


1.073 


840.63 


1284.78 


1606.85 


1728.92 


2173.07 


2617.21 


3605.50 


4393.80 


1.074 


841.76 


1286.53 


1508.91 


1731.29 


2176.06 


2620.83 


3510.36 


4399.90 


1.075 


842.89 


1288.28 


1510.98 


1733.67 


2179.06 


2624.45 


3615.22 


4406.00 


1.076 


844.02 


1290.03 


1513.04 


1736.04 


2182.06 


2628.07 


3520.08 


4412.11 
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<m 
Weir. 






LBKOTH OF THE WEIl 


u 






Feet. 


4 Feet 


6 Feet 


7 Feet 


8 Feet 


10 Feet 


IS Feet 


16 Feet 


20 Feet 


1.077 


845.15 


1291.78 


1515.10 


1738.42 


2185.06 


2631.69 


3524.94 


4418.22 


1.078 


846.28 


1293.33 


1517.17 


1740.80 


2188.06 


2635.31 


3529.81 


4424.33 


1.079 


847.41 


1295.28 


1519.24 


1743.18 


2191.06 


2638.93 


3534.68 


4430.44 


1.080 


848.55 


1297.06 


1521.31 


1745.56 


2194.06 


2642.56 


3539.65 


4436.65 


1.081 


849.68 


1298.81 


1523.38 


1747.94 


2197.06 


2646.18 


3644.43 


4442.67 


1.082 


850.81 


1300.57 


1525.45 


1750.32 


2200.06 


2649.81 


3649.30 


4448.79 


1.083 


851.95 


1302.33 


1527.52 


1762.70 


2203.06 


2653.44 


3654.17 


4454.91 


1.084 


853.09 


1304.09 


1529.59 


1755.08 


2206.07 


2657.07 


3559.04 


4461.04 


1.085 


854.23 


1305.85 


1531.66 


1767.47 


2209.08 


2660.70 


3663.93 


4467.17 


1.086 


855.36 


1307.61 


1633.73 


1759.85 


2212.09 


2664.33 


3568.81 


4473.30 


1.087 


856.49 


1309.37 


1535.80 


1762.23 


2215.10 


2667.97 


3673.70 


4479.13 


1.088 


857.63 


1311.13 


1537.87 


1764.62 


2218.11 


2671.61 


3578.59 


4485.57 


1.089 


858.77 


1312.89 


1539.96 


1767.01 


2221.12 


2675.25 


3683.48 


4491.71 


1.090 


859.91 


1314.66 


1542.03 


1769.40 


2224.14 


2678.89 


3688.37 


4497.86 


1.091 


861.06 


1316.42 


1644.10 


1771.79 


2227.16 


2682.63 


3693.16 


4504.00 


1.092 


862.19 


1318.18 


1646.17 


1774.18 


2230.18 


2686.17 


3598.06 


4610.16 


1.093 


863.23 


1319.95 


1548.24 


1776.57 


2233.20 


2C89.81 


3603.76 


4616.30 


1.094 


8M.37 


1321.72 


1550.32 


1778.96 


2236.22 


2693.46 


3608.66 


4522.45 


1.095 


865.61 


1323.49 


1552.42 


1781.36 


2239.24 


2697.11 


3612.86 


4528.61 


1.096 


866.76 


1325.25 


1554.50 


1783.75 


2242.26 


2700.76 


3617.76 


4534.77 


1.097 


867.89 


1327.60 


1556.58 


1786.15 


2246.28 


2704.41 


3622.67 


4540.93 


1.098 


869.03 


1328.79 


1558.66 


1788.55 


2248.30 


2708.06 


3627.68 


4647.19 


1.099 


860.17 


1330.56 


1560.75 


1790.95 


2251.33 


2711.71 


3632.49 


4653.36 


1.100 


871.31 


1332.33 


1562.84 


1793.35 


2254.36 


2715.37 


3637.40 


4669.43 


1.101 


872.46 


1334.10 


1664.92 


1796.75 


2257.39 


2719.03 


3642.32 


4665.60 


1.102 


873.61 


1335.87 


1667.00 


1798.15 


2260.42 


2722.69 


3647.24 


4571.78 


1.103 


874.76 


1337.64 


1569.09 


1800.55 


2263.45 


2726.35 


3652.16 


4577.96 


1.104 


875.91 


1339.41 


1571.18 


1802.95 


2266.48 


2730.01 


3657.08 


4584.14 


1.105 


877.a3 


1341.19 


1573.27 


1806.36 


2269.52 


2733.68 


3662.00 


4590.32 


1.106 


878.17 


1342.96 


1575.36 


1807.76 


2272.65 


2737.34 


3666.93 


4696.61 


1.107 


879.31 


1*44.73 


1577.45 


1810.16 


2275.58 


2741.01 


3671.86 


4602.'K) 


1.108 


880.45 


1346.51 


1579.54 


1812.57 


2278.62 


2744.67 


3676.79 


4608.89 


1.109 


881.50 


1348.29 


1581.63 


1814.98 


2281.66 


2748.34 


3681.72 


4615.08 


1.110 


882.75 


1350.07 


1683.73 


1817.39 


2284.70 


2752.02 


3686.66 


4621.28 


1.111 


883.89 


1351.86 


1685.82 


1819 80 


2287.74 


2765.69 


3691.69 


4627.48 


1.112 


885.04 


1363.63 


1587.91 


18??!.2l 


2290.78 


2759.36 


3696.63 


4633.68 


1.113 


886.19 


1356.41 


1690.91 


1824.62 


2293.82 


2763.04 


3701.47 


4639.89 


1.114 


887.34 


1357.19 


1692.11 


1827.03 


2296.87 


2766.72 


3706.41 


4646.10 


1.115 


888.49 


1368.97 


1594.21 


1829.45 


2299.92 


2770.40 


3711.35 


4662.31 


1.116 


889.64 


1360.75 


1596.31 


1831.86 


2302.97 


2774.08 


3716.30 


4668.62 


1.117 


890.79 


1362.63 


1598.41 


1834.27 


2306.02 


2777.76 


3721.25 


4664.74 


1.118 


891.94 


1364.31 


1600.61 


1836.69 


2309.07 


2781.44 


3726.20 


4670.96 


1.119 


893.19 


1366.10 


1602.61 


1839.11 


2312.12 


2786.13 


3731.16 


4677.18 


1.120 


894.24 


1367.89 


1604.71 


1841.53 


2315.17 


2788.82 


3736.11 


4683.40 


1.121 


896.39 


1369.67 


1606.81 


1843.95 


2318.22 


2792.51 


3741.07 


4689.63 


1.122 


896.64 


1371.45 


1608.91 


1846.37 


2321.28 


2796.20 


3746.03 


4696.86 


1.123 


897.69 


1373.24 


1611.01 


1848.79 


2324.34 


2799.89 


3750.99 


4702.09 


1.124 


896.84 


1375.03 


1613.12 


1851.21 


2327.40 


2803.68 


3766.96 


4708.32 


1.125 


899.99 


1376.82 


1615.23 


1853.64 


2330.46 


2807.28 


3760.92 


4714.66 


1.126 


901.14 


1378.61 


1617.33 


1856.06 


2333.52 


2810.77 


3766.89 


4720.80 


1.127 


902.29 


1380.40 


1619.44 


1858.48 


2336.68 


2814.27 


3770.86 


4727.04 


1.128 


903.44 


1382.19 


1621.56 


1860.91 


2339.64 


2817.77 


3775.83 


4733.28 


1.129 


904.60 


1383.98 


1623.66 


1863.34 


2342.70 


2821.27 


3780.80 


4739.63 


1.130 


905.76 


1385.77 


1626.77 


1866.77 


2345.77 


2826.77 


3786.78 


4745.78 


1.131 


906.91 


1387.56 


1627.88 


1868.20 


2348.^4 


2829.47 


3790.76 


4752.03 


1.132 


908.06 


1389.35 


1629.99 


1870.63 


2361.91 


2833.18 


3795.74 


4768.29 


1.133 


909.22 


1391.14 


1632.10 


1873.06 


2364 98 


2836.89 


3600.72 


4766 Ji6 


1.134 


010.38 


1392.93 


1634.21 


1876.49 


2368.05 


2840.60 


3806.70 


4771.81 
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Depth 


















on 
•Weir. 






LENGTH OF THE WEIB 


e 






Feet. 


4 Feet. 


6 Feet. 


7 Feet. 


8 Feet 


10 Feet 


12 Feet 


16 Feet 


20 Feet 


1.135 


911.54 


1394.73 


1636.33 


1877.92 


2361.12 


2844.31 


3810.69 


4777.07 


1.136 


912.69 


1396.52 


1638.44 


1880.36 


2364.19 


2818.02 


3815.68 


4783.34 


1.137 


913.84 


1398.32 


1640.65 


1882.79 


2367.26 


2861.73 


3820.67 


4789.61 


1.138 


915.00 


1400.12 


1642.67 


1886.23 


2370.33 


2865.44 


3825.66 


4796.88 


1.139 


916.16 


1401.92 


1644.79 


1887.67 


2873.41 


2859.16 


3830.66 


4802.15 


1.140 


917.32 


1403.72 


1646.91 


1890.10 


2376.49 


2862.88 


3836.66 


tOUos^O 


1.141 


918.48 


1405.52 


1649.03 


1892.54 


2379.67 


2866.60 


3840.66 


4814.71 


1.142 


919.64 


1407.32 


1651.15 


1894.98 


2382.66 


2870.32 


3846.66 


4820.99 


1.143 


920.80 


1409.12 


1653.27 


1897.42 


2385.73 


2874.04 


3850.66 


4827.27 


1.144 


921.96 


1410.92 


1654.39 


1899.86 


2388.81 


2877.76 


3855.66 


4833.66 


1.146 


923.12 


1412.72 


1657.51 


1902.31 


2391.90 


2881.49 


3860.67 


4839.85 


1.146 


924 J28 


1414.52 


1659.63 


1904.75 


2394.98 


2885.22 


3865.68 


4846.14 


1.147 


925.44 


1416.32 


1661.75 


1907.19 


2398.07 


2888.95 


3870.69 


4852.44 


1.148 


926.60 


1418.12 


1663.87 


1909.63 


2401.16 


2892.68 


3876.70 


4868.74 


1.149 


927.76 


1419.92 


1665.00 


1912.08 


2404.25 


2896.41 


3880.72 


4865.04 


1.150 


928.93 


1421.73 


1668.13 


1914.53 


2407.34 


2900.14 


3885.74 


4871.34 


1.151 


930.09 


1423.53 


1670.26 


1916.98 


2410.43 


2903.87 


3890.76 


4877.65 


1.152 


931.25 


1425.34 


1672.39 


1919.43 


2413.62 


2907.60 


3895.78 


4883.96 


1.153 


932.41 


1427.16 


1674.52 


1921.88 


2416.61 


2911.35 


3900.80 


4890.27 


1.154 


933.57 


1428.96 


1676.65 


1924.33 


2419.71 


2916.09 


3905.82 


4896.68 


1.155 


934.74 


1430.77 


1678.78 


1926.79 


2422.81 


2918.83 


3910.86 


4902.90 


1.156 


935.90 


1432.58 


1680.90 


1929.24 


2425.91 


2922.67 


3915.89 


4909.22 


1.157 


937.06 


1434.39 


1683.02 


1931.69 


2429.01 


2926.31 


3920.92 


4916.56 


1.158 


938.23 


1436.20 


1685.15 


1934.14 


2432.11 


2930.05 


3925.96 


4921.89 


1.159 


939.40 


1438.01 


1687.28 


1936.60 


2436.21 


2933.80 


3931.00 


4928.19 


1.160 


940.57 


1439.82 


1689.44 


1939.06 


2438.31 


2937.55 


3936.04 


4934.62 


1.161 


941.73 


1441.63 


1691.56 


1941.52 


2441.41 


2941.30 


3941.08 


4940.86 


1.162 


942.90 


1443.45 


1693.69 


1943.98 


2444.61 


2946.05 


3946.12 


4947.19 


1.163 


944.07 


1445.27 


1695.83 


1946.44 


2447.62 


2948.80 


3951.16 


4953.53 


1.164 


945.24 


1447.09 


1697.97 


1948.90 


2450.73 


2952.55 


3956.21 


4959.87 


1.165 


946.41 


1418.89 


1700.12 


1951.36 


2463.84 


2956.31 


3961.26 


4966.21 


1.166 


947.57 


1450.70 


1702.26 


19M.82 


2456.96 


2960.07 


3966.31 


4972.66 


1.167 


948.74 


1452.51 


1704.40 


1957.28 


2460.06 


2963.83 


3971.36 


4978.91 


1.168 


949.91 


. 1464.33 


1706.64 


1969.74 


2463.17 


2967.59 


3976.41 


4985.26 


1.169 


951.08 


1456.15 


1708.68 


1962.21 


2466.28 


2971.36 


3981.47 


4991.61 


1.170 


952.25 


1457.97 


1710.83 


1963.68 


2469.40 


2975.11 


3986.64 


4997.96 


1.171 


953.42 


1459.89 


1712.97 


1966.16 


2472.51 


2978.87 


3991.60 


6004.32 


1.172 


954.59 


1461.71 


1715.11 


1968.62 


2476.63 


2982.64 


3996.66 


6010.68 


1.173 


955.76 


1463.53 


1717.25 


1971.09 


2478.76 


2986.41 


4001.76 


6017.04 


1.174 


956.93 


1465.35 


1719.40 


1973.56 


2481.87 


2990.18 


4006.83 


6023.41 


1.175 


958.11 


1467.07 


1721.55 


1976.03 


2484.99 


2993.95 


4011.86 


6029.78 


1.176 


969.28 


1468.89 


1723.70 


1978.50 


2488.11 


2997.72 


4016.93 


6036.16 


1.177 


960.45 


1470.71 


1725.85 


1980.97 


2491.23 


3001.49 


4022.00 


6042.62 


1.178 


961.62 


1472.63 


1728.00 


1983.44 


2494.35 


3005.26 


4027.08 


6048.90 


1.179 


962.80 


1474.36 


1730.15 


1985.92 


2497.48 


3009.04 


4032.16 


6055.20 


1.180 


963.98 


1476.19 


1732.30 


1988.40 


2500.61 


3012.82 


4037.24 


6061.66 


1.181 


965.15 


1478.01 


1734.45 


1990.84 


2503.87 


3016.60 


4042.32 


5068.05 


1.182 


966.32 


1479.84 


1736.60 


1993.29 


2506.87 


3020.38 


4047.40 


5074.44 


1.183 


967.49 


1481.67 


1738.75 


1996.74 


2610.00 


3024.16 


4052.49 


5080.83 


1.184 


968.67 


1483.50 


1740.90 


1998.19 


2513.13 


3027.94 


4057.68 


6087.22 


1.185 


969.85 


1485.33 


1743.06 


2000.80 


2516.27 


3031.73 


4062.67 


6093.61 


1.186 


971.02 


1487.16 


1746.21 


2003.28 


2619.40 


3036.52 


4067.76 


6100.01 


1.187 


972.20 


1488.99 


1747.36 


2005.76 


2522.63 


3039.31 


4072.76 


6106.41 


1.188 


973.38 


1490.82 


1749.62 


2008.24 


2525.67 


3043.10 


4077.86 


6112.81 


1.189 


974.66 


1492.66 


1761.68 


2010.72 


2628.81 


3046.89 


4082.96 


6119.22 


1.190 


975.74 


1494.48 


1753.84 


2013.21 


2531.95 


3050.68 


4088.15 


5126.63 


1.191 


976.91 


1496.31 


1756.00 


2015.69 


2536.09 


3064.47 


4093.26 


6132.04 


1.192 


978.09 


1498.14 


1758.16 


2018.18 


2538.23 


3068.27 


4098.36 


5138.45 
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LENGTH OF THE WEIB 


'• 






"Weir. 


m 
















Feci. 


4 Feet. 


6 Feet 


7 Feet 


8 Feet 


10 Feet 


12 Feet 


16 Feet 


20 Feet 


1.193 


979.27 


1499.97 


1760.32 


2020.67 


2541.37 


3062.07 


4103.47 


6144.86 


1.194 


980.45 


1501.80 


1762.58 


2023.16 


2544.51 


3065.87 


4108.68 


5161.28 


1.195 


981.63 


1503.64 


1764.66 


2025.65 


2547.66 


3069.67 


4113.69 


5157.70 


1.196 


982.81 


1605.47 


1766.81 


2028.14 


2650.80 


3073.47 


4118.80 


5164.12 


1.197 


983.99 


1607.31 


1768.97 


2030.63 


2563.96 


3077.27 


4123.91 


5170.55 


1.198 


986.17 


1509.15 


1771.13 


2033.12 


2657.10 


3081.07 


4129.03 


6176.98 


1.199 


986.35 


1510.99 


1773.30 


2035.62 


2560.25 


3084.88 


4134.25 


5183.41 


1.200 


987.54 


1512.83 


1776.47 


2038.12 


2563.40 


3088.69 


4139.27 


6189.84 


1.201 


988.72 


1514.67 


1777.64 


2040.61 


2566.66 


3092.50 


4144.29 


6196.28 


1.202 


989.90 


1516.51 


1779.81 


2043.10 


2569.70 


3096.31 


4149^41 


5202.72 


1.203 


991.08 


1518.35 


1781.98 


2046.60 


2572.86 


3100.12 


4154.54 


5209.16 


1.204 


992.26 


1620.19 


1784.15 


2048.10 


2576.02 


3103.93 


4169.67 


5236.60 


1.206 


993.45 


1522.03 


1786.32 


2050.60 


2579.18 


3107.75 


4164.90 


5222.06 


1.206 


994.63 


1523.87 


1788.49 


2063.10 


2582.34 


3111.57 


4170.03 


5228.50 


1.207 


995.81 


1525.71 


1790.66 


2065.60 


2585.50 


3115.39 


4175.17 


5234.95 


1.208 


996.99 


1527.55 


1792.83 


2058.10 


2588.66 


3119.21 


4180.31 


5241.40 


1.209 


998.18 


1529.40 


1796.00 


2060.60 


2591.82 


3123.03 


4185.45 


5247.86 


1.210 


999.37 


1531.25 


1797.18 


2063.11 


2594.98 


3126.85 


4190.59 


5254.^ 


1.211 


1000.56 


1633.09 


1799.36 


2065.61 


2698.14 


3130.67 


4195.73 


5260.78 


1.212 


1001.76 


1534.93 


1801.52 


20€8.12 


2601.31 


3134.49 


4200.87 


5267.24 


1.213 


1002.94 


1636.78 


1803.70 


2070.63 


2604.48 


3138.32 


4206.21 


5273.71 


1.214 


1004.13 


1638.63 


1805.88 


2073.14 


2607.66 


3142.15 


4211.17 


6280.18 


1.216 


1005.31 


1640.48 


1808.06 


2075.65 


2610.82 


3145.98 


4216.32 


6286.65 


1.216 


1006.49 


1542.33 


1810.24 


2078.16 


2613.99 


3149.81 


4221.47 


5293.13 


1.217 


1007.68 


1644.18 


1812.44 


2080.67 


2617.16 


3153.64 


4226.62 


5299.61 


1.218 


1008.87 


1646.03 


1814.62 


2083.18 


2620.33 


3167.47 


4231.78 


5306.09 


1.219 


1010.06 


1647.88 


1816.80 


2085.69 


2623.50 


3161.31 


4236.94 


6312.57 


1.220 


1011.25 


1549.73 


1818.97 


2088.20 


2626.68 


3165.16 


4242.10 


5319.05 


1.221 


1012.44 


1551.58 


1821.16 


2090.71 


2629.85 


3168.99 


4247.26 


5325.64 


1.222 


1013.63 


1553.43 


1823.33 


2093.22 


2633.03 


3172.83 


4262.43 


5332.03 


1.223 


1014.82 


1555.28 


1825.62 


2095.74 


2636 21 


3176.67 


4267.60 


5338.52 


1.224 


1016.01 


1557.14 


1827.71 


2098.26 


2639.38 


3180.51 


4262.77 


5345.01 


1.225 


1017.20 


1559.00 


1829.89 


2100.78 


2642.57 


3184.36 


4267.94 


5361.51 


1.226 


1018.39 


1660.85 


1832.07 


2103.30 


2646.75 


3188.20 


4273.11 


6358.01 


1.227 


1019.58 


1562.70 


1834.26 


2105.82 


2648.93 


3192.05 


4278.28 


5364.61 


1.228 


1020.77 


1564.56 


1836.45 


2108.34 


2652.12 


3195.90 


4283.46 


6371.02 


1.229 


1021.96 


1566.42 


1838.64 


2110.86 


2655.31 


3199.76 


4288.64 


6377.63 


1.230 


1023.16 


1568.28 


1840.83 
1843.0} 


2113.39 


2658.50 


3203.60 


4293.82 


5384.04 


1.231 


1024.35 


1570.14 


2115.91 


2661.69 


3207.45 


4299.00 


5390.55 


1.232 


1025.54 


1572.00 


1845.21 


2118.43 


2664.88 


3211.30 


43(H.19 


6397.07 


1.233 


1026.74 


1673.86 


1847.40 


2120.95 


2668.07 


3215.16 


4309.38 


6303.69 


1.234 


1027.94 


1675.72 


1849.59 


2123.48 


2671.26 


3219.02 


4314.58 


6310.11 


1.235 


1029.14 


1577.58 


1861.79 


2126.01 


2674.45 


3222.88 


4319.76 


5416.63 


1.236 


1030.33 


1679.44 


1863.98 


2128.54 


2677.64 


3226.74 


4324.75 


5423.18 


1.237 


1031.52 


1581.30 


1856.18 


2131.48 


2680.83 


3230.60 


4329.95 


5429.71 


1.238 


1032.72 


1583.16 


1858.38 


2133.60 


2684.03 


3224.46 


4335.15 


5436.24 


1.239 


1033.92 


1685.02 


1860.58 


2136.13 


2687.23 


3238.33 


4340.35 


5442.77 


1.240 


1035.12 


1686.89 


1862.78 


2138.66 


2690.43 


3242.20 


4345.74 


5449.28 


1.241 


1036.31 


1688.75 


18&1.98 


2141.19 


2693.63 


3246.07 


4360.94 


5655 82 


1.242 


1037.51 


1590.61 


1867.18 


2143.72 


2696.83 


3249.94 


4366.14 


6562.36 


1.243 


1038.71 


1592.48 


1869.38 


2146.25 


2700.03 


3253.81 


4361.35 


5668.90 


1.244 


1039.91 


1594.36 


1871.58 


2148.79 


2703.23 


3257.68 


4366.66 


5575.45 


1.246 


1041.11 


1696.22 


1873.78 


2151.33 


2706.44 


3261.65 


4371.77 


5482.00 


1.246 


1042.31 


1698.09 


1875.98 


2153.86 


2709.64 


3265.42 


4376.98 


6488.55 


1.247 


1043.51 


1699.96 


1878.18 


2156.40 


2712.85 


3269.30 


4^.20 


«496.10 


1.248 


1044.71 


1601.83 


1880.38 


2168.94 


2716.06 


3273.18 


4387.42 


5S01.65 


1.249 


1046.91 


1603.70 


1882.69 


2161.48 


2719.27 


3277.06 


4392.64 


5608.21 


1.250 


1047.11 


1606.57 


1884.80 


2164.02 


2722.48 


3280.94 


4397.86 


6514.77 
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Depth 














_, 




on 
Weir. 






LBKOTH OF THE WEIB. 






Feet 

* 

1.261 


4 Feet 


6 Feet. 


7 Feet. 


8 Feet 


10 Feet. 


12 Feet. 


16 Feet 


20 Feet 


1048.31 


1607.44 


1887.00 


2166.66 


2725.69 


3284.82 


4403.08 


6621.33 


1.252 


1049.51 


1609.31 


1889.20 


2169.10 


2728.90 


3288.70 


4408.30 


6527.90 


1.263 


1050.71 


1611.18 


1891.41 


2171.64 


2732.11 


3292.58 


4413.53 


5534.47 


1.254 


1051.91 


1613.05 


1893.62 


2174.19 


2735.33 


3296.47 


4418.76 


6641.04 


1.255 


1053.11 


1614.93 


1895.83 


2176.74 


2738.55 


3300.36 


4423.99 


6647.61 


1.256 


10M.31 


1616.80 


1898.04 


2179.28 


2741.77 


3304.25 


4429.22 


5654.19 


1.257 


1055.51 


1618.67 


1900.25 


2181.83 


2744.99 


3308.14 


4434.55 


5660.77 


1.258 


1056.71 


1620.55 


1902.46 


2164.38 


2748.21 


3312.04 


4439.69 


^67.35 


1.259 


1057.91 


1622.43 


1904.67 


2186.93 


2751.43 


3315.94 


4445.93 


5573.93 


1.260 


1059.12 


1624.31 


1906.89 


2189.48 


2754.65 


3319.82 


4460.17 


5680.61 


1.26t 


1060.32 


1626.18 


1909.10 


2192.03 


2757.87 


3323.72 


4455.41 


5587.10 


1.262 


1061.52 


1628.06 


1911.31 


2194.58 


2761.09 


3327.62 


4460.65 


5593.69 


1.263 


1062.72 


1629.94 


1913.53 


2197.13 


2764.32 


3331.52 


4465.90 


5600.28 


1.26t 


1063.93 


1631.82 


1915.75 


2199.68 


2767.55 


3335.42 


4471.15 


6607.87 


1.265 


1065.14 


1633.70 


1917.97 


2202.24 


2770.78 


3339.32 


4476.40 


6613.47 


1.266 


1066.62 


1635.58 


1920.19 


2204.79 


2774.01 


3343.23 


4481.65 


6620.04 


1.267 


1067.83 


1637.46 


1922.41 


2207.34 


2777.24 


3347.14 


4487.90 


5626.66 


1.268 


1069.04 


1639.34 


1924.63 


2209.90 


2780.47 


3351.05 


4493.16 


6633.26 


1.269 


1070.25 


1641.22 


1926.85 


2212.46 


2783.70 


3354.96 


4498.42 


5639.87 


1.270 


1071.19 


1643.11 


1929.07 


2215.02 


2786.94 


3358.85 


4502.68 


5646.51 


1.271 


1072.40 


1644.99 


1931.29 


2217.58 


2790.17 


3362.76 


4507.94 


5653.12 


1.272 


1073.61 


1646.88 


1933.51 


2220.14 


2793.41 


3366.67 


4513.20 


6669.74 


1.273 


1074.82 


1648.77 


1935.73 


2222.70 


2796.65 


3370.58 


4518.47 


6666.36 


1.274 


1076.03 


1650.66 


1937.95 


2225.26 


2799.89 


3374.50 


4523.74 


5672.98 


1.275 


1077.24 


1652.54 


1940.18 


2227.83 


2803.13 


3378.42 


4529.01 


5679.60 


1.276 


1078.45 


1654.42 


1942.40 


2230.39 


2806.37 


3382.34 


4534.28 


6686.23 


1.277 


1079.66 


1656.31 


1944.63 


2232.95 


2809.61 


3386.26 


4539.55 


5692.86 


1.278 


1080.87 


1658.20 


1946.86 


2235.52 


2812.85 


3390.18 


4544.83 


5699.49 


1.279 


1082.08 


1660.09 


1949.09 


2238.09 


2816.09 


33&4.10 


4550.11 


5706.12 


1.280 


1083.29 


1661.98 


1951.32 


2240.66 


2819.34 


3398.02 


4555.39 


5712.76 


1.28L 


1084.50 


1663.88 


1953.55 


2243.23 


2822.34 


3401.94 


4660.67 


5719.39 


1.282 


1085.71 


1665.77 


1955.78 


2245.80 


2825.84 


3405.87 


4565.93 


6726.03 


1.283 


1086.91 


1667.66 


1958.01 


2248.37 


2829.09 


3409.80 


4571.22 


5732.67 


1.284 


1087.12 


1669.55 


1960.24 


2250.94 


2832.34 


3413.73 


4676.51 


6739.32 


1.285 


1089.35 


1671.43 


1962.47 


2253.51 


2835.59 


3417.66 


4581.82 


5745.97 


1.286 


1090.56 


1673.32 


1964.70 


2256.08 


2838.84 


3421.59 


4587.21 


5762.62 


1.287 


1091.77 


1675.21 


1966.93 


2258.65 


2842.09 


3425.52 


4592.50 


5759.27 


1.288 


1092.99 


1677.10 


1969.16 


2261.22 


2845.34 


3429.46 


4697.79 


5765.93 


1.289 


1094.21 


1679.00 


1971.40 


2263.80 


2848.60 


3433.40 


4603.09 


5772.59 


1.290 


1095.43 


1680.90 


1973.64 


2266.38 


2851.86 


3437.34 


4608.29 


5779.25 


1.291 


1096.64 


1682.79 


1975.85 


2268.96 


2865.12 


3441.28 


4613.69 


5785.91 


1.292 


1097.85 


1684.69 


1978.11 


2271.54 


2858.38 


3445.22 


4618.89 


5792.57 


1.293 


1099.07 


1686.59 


1980.35 


2274.12 


2861.64 


3449.16 


4624.20 


6799.24 


1.294 


1100.29 


1688.49 


1982.59 


2276.70 


2864.90 


3453.10 


4629.51 


5805.91 


1.295 


1101.51 


1690.39 


1984.83 


2279.28 


2868.16 


3457.05 


4634.82 


5812.68 


1.296 


1102.72 


1692.29 


1987.07 


2281.86 


2871.42 


3460.99 


4640.13 


5819.26 


1.297 


1103.93 


1694.19 


1989.31 


2284.44 


2874.68 


«>4D4.<nc 


4646.44 


5826.94 


1.296 


1105.15 


1696.09 


1991.55 


2287.02 


2877.95 


3468.99 


4660.75 


5832.62 


1.299 


1106.37 


1697.99 


1993.80 


2289.61 


2881.22 


3472.94 


4656.07 


6839.30 


1.300 


1107.69 


1699.90 


1996.05 


2292.20 


2884.49 


3476.79 


4661.39 


6846.98 


1.301 


1106.81 


1701.80 


1998.29 


2294.78 


2887.76 


3480.74 


4666.71 


6852.67 


1.302 


1110.03 


1703.70 


2000.53 


2297.36 


2891.03 


3484.70 


4672.03 


5859.36 


1.303 


1111.25 


1705.60 


2002.77 


2299.95 


2894.30 


3488.66 


4677.35 


6866.05 


1.304 


llUAl 


1707.60 


2005.02 


2302.64 


2897.57 


3492.66 


4682.68 


6872.74 


1.305 


1113.69 


1709.41 


2007.27 


2305.13 


2900.86 


3496.57 


4688.01 


6879.44 


1.306 


1114.91 


1711.31 


2009.52 


2307.72 


2904.12 


3600.53 


4693.34 


5886.14 


1.307 


1116.13 


1713.22 


2011.77 


2310.31 


2907.40 


3504.49 


4698.67 


5892.84 


1.306 


1117.36 


1716.13 


2014.02 


2313.90 


2910.68 


3608.45 


4704.00 


5899.66 
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Depth 
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on 
•W«lr. 






LENGTH OF THE WEIR 


• 






Peet. 


4 Feet 


6 Feet 


7 Feet 


8 Feet 


10 Feet 


12 Feet 


16 Feet 


SO Feet 


1.309 


1118.52 


1717.04 


2016.27 


2316.49 


2913.96 


3512.42 


4709.34 


5906.26 


1.310 


1119.80 


1718.95 


2018.52 


2318.09 


2917.24 


3516.39 


4714.68 


6912.97 


1.311 


1121.62 


1720.86 


2020.77 


2.320.68 


2920.52 


3620.36 


4720.02 


5919.68 


1.312 


1122.24 


1722.77 


2023.02 


2323.28 


2923.80 


3524.33 


4726.36 


6926.39 


1.313 


1123.47 


1724.68 


2025.27 


2325.88 


2927.08 


3528.30 


4730.70 


6933.11 


1.314 


1124.70 


1726.59 


2027.53 


2.328.48 


2930.37 


3532.27 


4736.04 


6939.89 


1.315 


1125.92 


1728.60 


2029.79 


2331.08 


29:i3.66 


3636.24 


4741.40 


5946.55 


1.316 


1127.36 


1730.41 


2032.04 


2333.68 


2936.94 


3540.21 


4746.75 


6863.28 


1.317 


1128.59 


1732.32 


2034.29 


2336.28 


2940.23 


3544.18 


4752.10 


5960.01 


1.318 


1129.81 


1734.23 


2036.65 


2338.88 


2943.52 


3548.18 


4767.45 


6966.74 


1.319 


1131.04 


1736.14 


2038.81 


2.341.48 


2946.81 


3552.16 


4762.80 


5973.47 


1.320 


1132.04 


1738.06 


2041.07 


2344.08 


2960.10 


3556.12 


4768.16 


6980.20 


1.321 


1133.26 


1739.97 


2043.33 


2346.68 


2963.39 


3560.10 


4773.62 


5986.94 


1.322 


1134.48 


1741.88 


2045.69 


2.349.28 


2966.68 


3564.08 


4778.88 


6993.68 


1.323 


1135.71 


1743.80 


2047.85 


2351.89 


2969.97 


3668.06 


4784.24 


6000.42 


1.324 


1136.94 


1746.72 


2030.11 


2354.60 


2963.07 


3672.06 


4789.60 


6007.16 


1.325 


1138.17 


1747.64 


2052.38 


2357.11 


2966.57 


3576.04 


4794.97 


6013.90 


1.326 


1139.39 


1749.56 


2064.64 


2359.72 


2969.87 


3580.03 


4800.36 


6020.66 


1.327 


1140.62 


1751.48 


2a56.90 


2362.33 


2973.17 


3584.02 


4805.73 


6027.40 


1.328 


1141.85 


1753.40 


2069.16 


2364.94 


2976.47 


3588.01 


4811.10 


6034.15 


1.329 


1143.08 


1756.32 


2061.43 


2367.65 


2979.77 


3692.00 


4816.47 


6040.91 


1.330 


1144.31 


1757.24 


2063.70 


2370.16 


2983.07 


3695.99 


4821.83 


6047.67 


1.331 


1145.54 


1759.16 


2066.96 


2372.77 


2986.37 


3599.98 


4827.21 


6054.43 


1.332 


1146.77 


1761.08 


2068.23 


2.375.38 


2989.68 


3603.98 


4832.59 


6061.19 


1.333 


1148.00 


1763.90 


2070.60 


2377.99 


2992.99 


3607.98 


4837.97 


6067.96 


1.334 




1764.92 


2072.77 


2380.61 


2996.30 


3611.98 


^OTro««>D 


6074.73 


1.335 




1766.86 


2075.04 


2383.23 


2999.61 


3615.98 


4848.74 


6061.50 


1.336 




1768.77 


2077.31 


2.385.84 


3002.92 


3619.98 


4854.13 


6088.27 


1.337 




1770.69 


2079.68 


2388.46 


3006.23 


3623.98 


4859.52 


6095.04 


1.338 




1772.60 


2081.86 


2391.08 


3009.64 


3627.&9 


4864.91 


6101.82 


1.339 




1774.63 


2081.12 


2393.70 


3012.85 


3632.00 


4870.20 


6108.60 


1.340 




1776.47 


2083.40 


2396.32 


3016.17 


3636.01 


4875.70 


6115.38 


1.341 




1778.39 


2088.67 


2398.94 


3019.48 


3640.02 


4881.11 


6122.17 


1.342 




1780.32 


2090.94 


2401.56 


3022.79 


3644.03 


4886.62 


6128.96 


1.343 




1782.26 


2093.21 


2404.18 


3026.11 


3648.04 


4891.93 


6135.75 


1.344 




1784.18 


2095.49 


2406.80 


3029.43 


3652.05 


4897.34 


6142.54 


1.345 




1786.11 


2097.77 


2409.43 


3032.76 


3666.06 


4902.70 


6149.33 


1.346 




1788.04 


2100.06 


2412.05 


3036.07 


3660.08 


4908.22 


6166.13 


1.347 




1789.97 


2102.33 


2414.68 


3039.39 


3664.10 


4913.66 


6162.93 


J.*«7TO 




1791.90 


2104.61 


2417.31 


3042.71 


3668.12 


4919.08 


6169.73 


1.349 




1793.83 


2106.89 


2419.94 


3046.03 


3672.14 


4924.51 


6176J» 


1.350 




1793.77 


2109.17 


2422.67 


3049..36 


3676.16 


4929.75 


6183.34 


1.351 




1797.70 


2111.45 


2426.20 


3052.68 


3680.18 


4936.17 


6190.15 


1.352 




1799.63 


2113.73 


2427.83 


3066.01 


3684.20 


4940 j;e 


6196.96 


1.353 




1801.66 


2116.01 


2430.46 


3059.34 


, 3688.22 


4946.01 


6203.77 


1.354 




1803.60 


2118.29 


2433.09 


3062.67 


3692.26 


4951.43 


6210.68 


1.356 




1803.44 


2120.58 


2435.72 


3066.00 


3996.28 


4966.86 


6217.41 


1.366 




1807.37 


2122.86 


2438.36 


3069.33 


3700.31 


4962.27 


6224.23 


1.357 




1809.31 


2125.14 


2440.98 


3072.66 


3704..34 


4967.70 


6231.05 


1.368 




1811.25 


2127.43 


2443.62 


3075.99 


S708.38 


4973.13 


6237.88 


1.359 




1813.19 


2129.72 


2446.26 


3079.33 


3712.42 


4978.66 


6246.51 


1.360 




1816.13 


2132.01 


2448.90 


3082.67 


3716.46 


4983.99 


6251.54 


1.361 




1817.07 


2134.30 


2451.54 


3086.01 


3720.48 


4969.43 


6258.37 


1.362 




1819.01 


2136.58 


2464.18 


3089.35 


3724.52 


4994.87 


6265.21 


1.363 




1820.95 


2138.87 


2456.82 


3092.69 


3728.66 


5000.31 


6272.05 


1.364 




1822.89 


2141.16 


2459.46 


3096.03 


3732.60 


6005.75 


6278.89 


1.365 




1824.83 


2143.46 


2462.10 


3099.37 


3736.64 


6011.19 


6285.73 


1.366 




1826.77 


2145.75 


2464.74 


3102.71 


3740.68 


6016.63 


6292.58 
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4. 



r 
Depth 
















on 
Weir. 




LENGTH OF THE WEIR. 






Feet. 


6 Feet. 


7 Feet. 


8 Feet 


10 Feet 


12 Feet 


16 Feet 


20 Feet 


1.425 


1942.38 


2282.25 


2622.13 


3301.87 


3981.62 


534L12 


6700.61 


1.426 


1944.35 


2284.58 


2624.83 


3305.28 


3985.75 


6346.67 


6707.60 


1.427 


1946.33 


2286.91 


2627.52 


3308.69 


3989.88 


5352.23 


6714.59 


1.428 


1948.31 


2289.25 


2630.21 


3312.10 


3994.01 


5357.79 


0721.68 


1.429 


1950.29 


2291.59 


2632.90 


3315.51 


3998.15 


6363.35 


6728.67 


1.430 


1952.27 


2293.93 


2635.60 


3318.93 


4002.25 


6368.91 


6735.57 


1.431 


1954.25 


2296.27 


2638.29 


3322.34 


4006.38 


6374.47 


6742.57 


1.432 


1956.23 


2298.61 


2640.99 


3325.75 


4010.51 


5380.04 


6749.57 


1.433 


1958.21 


2300.95 


2643.69 


3329.17 


4014.64 


6385.61 


6756.57 


1.434 


1960.19 


2303.09 


2646.39 


3332.59 


4018.78 


5391.18 


6763.57 


1.435 


1962.17 


2305.63 


2649.09 


3336.01 


4022.92 


5396.75 


0770.58 


1.436 


1964.15 


2307.97 


2651.79 


3:339.23 


4027.06 


6402.32 


6777..59 


1.437 


1966.13 


2310.31 


2654.49 


3342.45 


4031.20 


5407.90 


6784.60 


1.438 


1968.11 


2312.66 


2657.19 


3345.67 


4035.34 


5413.48 


6791.61 


1.439 


1970.09 


2315.00 


2659.89 


3348.89 


4039.48 


6419.06 


6798.63 


1.440 


1972.09 


2317.35 


2662.60 


3353.11 


4043.62 


5424.64 


6805.66 


1.441 


1974.07 


2319.69 


2665.30 


3356.53 


4047.76 


5430.22 


6812.67 


1.442 


1976.05 


2322.03 


2668.00 


3359.95 


4051.90 


6435.80 


6819.70 


1.443 


1978.04 


2324.38 


2670.71 


3363.38 


4056.05 


5441.39 


6826.73 


1.444 


1980.03 


2326.73 


2673.42 


3366.81 


4060.20 


5446.98 


6833.76 


1,445 


1982.02 


2329.08 


2676.13 


3370.24 


4064.35 


5452.57 


6840.79 


1.446 


1984.01 


2331.43 


2678.84 


3373.67 


4068.50 


5458.16 


6847.80 


1.447 


1986.00 


233:^.78 


2681.55 


3377.10 


4072.65 


6463.75 


6854.83 


1.448 


1987.99 


2336.13 


2684.26 


3380.53 


4076.80 


6469.34 


6861.87 


1.449 


1989.98 


2338.48 


2686.97 


3383.96 


4080.96 


6474.94 


6868.91 


1.450 


1991.97 


2340.83 


2689.69 


3387.40 


4085.12 


5480.54 


6875.97 


1.451 


1993.96 


2343.18 


2692.40 


3390.83 


4089.27 


6486.14 


6883.01 


1.452 


1995.95 


2345.53 


2695.11 


3394.27 


4093.43 


6491.74 


6890.06 


1.453 


1997.94 


2347.88 


2697.82 


3397.71 


4097.59 


6497.34 


6897.11 


1.454 


1999.93 


2ao0.24 


2700.54 


a401.15 


4101.75 


6502.95 


6904.16 


1.455 


2001.93 


2352.60 


2703.26 


3404.59 


4105.91 


6508.56 


6911.21 


1.456 


2203.92 


2354.95 


2705.97 


3408.03 


4110.07 


6514.17 


6918.27 


1.457 


2205.91 


2357.30 


2708.69 


3411.47 


4114.23 


6519.78 


6925.33 


1.458 


2207.91 


2359.66 


2711.41 


3414.91 


4118.40 


6525..39 


6932.39 


1.459 


2209.91 


2362.06 


2714.13 


3418.35 


4122.67 


6531.01 


6939.45 


1.460 


2011.91 


2364.38 


2716.85 


3421.80 


4126.74 


5536.63 


6946.52 


1.461 


2013.90 


2366.74 


2719.57 


3425.24 


4130.91 


5542.25 


6953.59 


1.462 


2015.90 


2369.10 


2722.29 


a428.69 


4ia5.08 


5547.87 


6960.66 


1.463 


2017.90 


2371.46 


2725.01 


34.32.14 


4139.25 


5553.49 


6967.73 


1.464 


2019.90 


2373.82 


2727.74 


^435.59 


4143.43 


6559.11 


6974.80 


1.465 


2021.90 


2.376.18 


2730.47 


3439.04 


4147.61 


5564.74 


6981.88 


1.466 


2023.90 


2378.64 


273:^.19 


3442.49 


4151.78 


6570.37 


6988.96 


1.467 


2025.90 


2380.90 


27a5.91 


O*T*«0»t^ 


4155.96 


5576.00 


6996.04 


1.468 


2027.90 


2383.26 


27.38.64 


3449.39 


4160.14 


5581.63 


7003.12 


1.469 


2029.90 


2.385.63 


2741.37 


3452.84 


4164.28 


5587.26 


7010.21 


1.470 


2031.90 


2388.00 


2744.10 


3456.30 


4168.50 


5592.90 


7017.30 


1.471 


2033.90 


2390..36 


2746.83 


3459.75 


4172.68 


5598.54 


7024..39 


1.472 


2035.90 


2392.73 


2749.56 


3463.21 


4176.86 


5604.18 


7031.48 


1.473 


2037.90 


2395.10 


2752.29 


3466.67 


4181.05 


5609.82 


7038.57 


1.474 


2039.91 


2397.47 


2755.02 


3470.13 


4185.24 


6615.46 


7046.67 


1.475 


2041.92 


2399.84 


2757.76 


3473.59 


4189.43 


5621.10 


7052.77 


1.476 


2043.92 


2402.21 


2760.49 


3477.05 


4193.62 


5626.75 


7059.87 


1.477 


2015.92 


2404.58 


2763.22 


3480.51 


4197.81 


5632.41 


7066.97 


1.478 


2047.93 


2406.95 


2765.95 


ai83.97 


4201.90 


5638.06 


7074.08 


1.479 


2049.94 


2409.32 


2768.69 


3487.44 


4206.09 


5643.72 


7081.19 


1.480 


2051.95 


2411.69 


2771.43 


3490.91 


4210.39 


5<'>49.86 


7088.30 


1.481 


2053.96 


2414.06 


2774.10 


tWirr.f^O 


4214.58 


565.5.04 


7095.42 


1.482 


2055.97 


' 2416.43 


2776.77 


3497.85 


4218.78 


5660.70 


7102.64 
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Bepth 
















on 






LBNOTH OF THE WEIB. 






"Weir. 
















Feet. 


6 Feet 


7 Feet. 


8 Feet. 


10 Feet. 


12 Feet. 


16 Feet. 


SO Feet. < 


1.483 


2057.98 


2418.80 


2779.44 


3501.32 


4222.98 


5666.36 


7109.66 


1.484 


2059.99 


2421.18 


2782.12 


3504.79 


4227.18 


5672.02 


7116.78 


1.485 


2062.00 


2423.56 


2785.13 


3508.26 


4231.38 


5677.64 


7123.90 


1.486 


2064.01 


2426.93 


2787.87 


3511.73 


4235.58 


5683.30 


7131.62 


1.487 


2066.02 


2428.31 


2790.61 


3515.20 


4239.78 


5688.96 


7138.15 


1.488 


2068.03 


2430.69 


2793.35 


3518.67 


4243.99 


5694.63 


7145.28 


1.489 


2070.04 


2433.07 


2796.09 


3512.15 


4248.20 


5700.30 


7152.41 


1.490 


2072.06 


2435.45 


2798.84 


3525.63 


4252.41 


5705.97 


7159.54 


1.491 


2074.07 


2437.83 


2801.58 


3529.10 


4256.62 


5711.64 


7166.68 


1.492 


2076.08 


2440.21 


2804.83 


3532.58 


4260.83 


5717.31 


7173.82 


1.493 


2078.09 


2442.59 


2807.08 


3536.06 


4265.04 


5722.99 


7180.96 


1.49i 


2080.11 


2444.97 


2809.83 


3539.54 


4269.25 


5728.67 


7188.10 


1.495 


2082.13 


2447.35 


2812.58 


3543.02 


4273.47 


6734.35 


7195.24 


1.496 


2084.14 


2449.73 


2815.33 


3546.50 


4277.68 


6740.03 


7202.39 


1.497 


2086.16 


2452.11 


2818.08 


3549.98 


4281.90 


5745.71 


7209.54 


1.498 


2088.18 


2454.50 


2820.83 


3553.46 


4286.12 


5751.40 


7216.69 


1.499 


2090.20 


2456.89 


2823.58 


3556.95 


4290.34 


6757.09 


7223.84 


1.500 


2092.22 


2459.28 


2826.33 


3560.44 


4294.56 


5762.78 


7231.00 


1.601 


2091.24 


2461.66 


2829.08 


3563.93 


4298.78 


6768.47 


7238.16 


1.502 


2096.26 


2464.04 


2831.83 


3567.42 


4303.00 


5774.16 


7245.32 


1.503 


2098.28 


2466.43 


28^.59 


3570.91 


4307.22 


5779.85 


7252.48 


1.504 


2100.30 


2468.82 


2837.35 


3574.40 


4311.45 


5785.55 


7259.65 


1.505 


2102.32 


2471.21 


2840.11 


3577.89 


4315.68 


5791.25 


7266.82 


1.506 


2104.34 


2473.60 


2842.86 


3581.38 


4319.91 


5796.95 


7273.99 


1.507 


2106.36 


2475.99 


2845.62 


3584.87 


4324.14 


5802.65 


7281.16 


1.508 


2108.38 


2478.38 


2848.38 


3588.36 


4328.37 


5808.35 


7288.33 


1.509 


2110.41 


2480.77 


2851.14 


3591.86 


4332.60 


5814.05 


7295.51 


1.510 


2112.43 


2483.17 


2853.90 


3595.36 


4336.83 


5819.76 


7302.69 


1.511 


2114.45 


2485.56 


2856.66 


3598.86 


4341.06 


5825.47 


7309.87 


1.512 


2116.47 


2487.95 


2859.42 


3602.36 


4345.30 


5831.18 


7317.05 


1.513 


2118.50 


2490.34 


2862.18 


3605.86 


4349.54 


5836.89 


7324.24 


1.514 


2020.53 


2492.74 


2864.94 


3609.36 


4353.78 


5842.60 


7331.43 


1.515 


2122.56 


2495.14 


2867.71 


3612.86 


4358.02 


6848.32 


7338.62 


1.516 


2124.58 


2497.53 


2870.47 


3616.36 


4362.20 


5854.04 


7345.81 


1.517 


2126.61 


2499.93 


2873.24 


3619.86 


4366.44 


5859.76 


7363.01 


1.518 


2128.64 


2502.33 


2876.01 


3623.37 


4370.68 


5865.48 


7360.21 


1.519 


2130.67 


2504.73 


2878.78 


3626.88 


4374.92 


5871.20 


7367.41 


1.520 


. 2132.70 


2507.13 


2881.55 


3630.39 


4379.23 


6876.92 


7374.61 


1.521 


2134.73 


2509.53 


2884.32 


3633.90 


4383.48 


6882.64 


7381.81 


1.522 


2136.76 


2511.93 


2887.09 


3637.41 


4387.73 


6888.37 


7389.02 


1.523 


2138.79 


2514.33 


2889.86 


3640.92 


4391.98 


5894.10 


7396.23 


1.524 


2140.83 


2516.73 


2892.63 


3644.43 


4396.23 


5899.83 


7403.44 


1.525 


2142.86 


2519.13 


2895.40 


3647.94 


4400.48 


5905.56 


7410.66 


1.526 


2144.89 


2521.53 


2898.17 


3651.45 


4404.73 


5911.29 


7417.86 


1.527 


2146.92 


2523.93 


2900.94 


3654.96 


44l«J.9o 


5917.03 


7425.08 


1.528 


2149.95 


2526.33 


2903.72 


3658.48 


4413.24 


6922.77 


7432.30 


1.529 


2151.99 


2528.74 


2906.50 


3662.00 


4417.50 


6928.51 


7439.52 


1.530 


2153.03 


2631.15 


2909.28 


3665.52 


4421.76 


5904.25 


7446.74 


1.531 


2155.06 


2533.55 


2912.05 


3669.04 


4426.02 


5939.99 


7453.97 


1.532 


2157.10 


2535.96 


2914.83 


3672.56 


4430.28 


5945.74 


7461.20 


1.533 


2159.14 


2538.37 


2917.61 


3676.08 


4434.64 


6951.49 


7468.43 


1.534 


2161.28 


2540.78 


2920.39 


3679.60 


4438.81 


5957.24 


7475.66 


1.536 


2163.21 


2543.19 


2923.17 


3683.12 


4443.08 


5962.99 


7482.90 


1.536 


2165.25 


2545.60 


2925.95 


3686.64 


4447.34 


6968.74 


7490.14 


1.537 


2167.29 


2548.01 


2928.73 


3690.16 


4451.61 


5974.49 


7497.38 


1.538 


2169.33 


2550.42 


2931.51 


3693.69 


4455.88 


5980.25 


7504.62 


1.639 


2171.37 


2552.83 


2934.29 


3697.22 


4460.15 


5986.00 


7511.86 


1.510 

« 


2173.41 


2555.24 


2937.08 


3700.75 


4464.42 


5991.77 


7519.11 
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Depth 
















on 
Weir. 






LEKOTH 


OP THE WKIR. 






Feet. 


6 Feet 


7 Feet. 


8 Feet. 


10 Feet. 


12 Feet. 


16 Feet. 


20 Feet. 


1.541 


2175.45 


2557.65 


2939.80 


3704.28 


4468.69 


5997.53 


7526.36 


1.542 


2177.49 


2560.06 


2942.64 


3707.81 


4472.96 


6003.29 


7533.61 


1.543 


2179.53 


2562.48 


2945.43 


3711^ 


4477.18 


6009.05 


7540.86 


1.544 


2181.57 


2564.90 


2948.22 


3714.87 


4481.38 


6014.82 


7548.11 


1.545 


2183.62 


2567.32 


2951.01 


3718.41 


4485.80 


6020.50 


7555.37 


1.546 


2185.66 


2569.73 


2953.80 


3721.91 


4490.08 


6026.56 


7562.63 


1.547 


2187.70 


2572.14 


2a')6.59 


3725.47 


4494.36 


6032.33 


7569.89 


1.548 


2189.75 


2574.56 


2959.38 


3729.01 


4498.64 


6038.10 


7577.15 


1.549 


2191.80 


2576.98 


2062.17 


3732.55 


4502.92 


6043.87 


7584.42 


1.550 


2193.85 


2579.40 


2964.96 


3736.09 


4507.21 


6049.45 


7591.69 


1.551 


2ia5.89 


2581.82 


2967.75 


3739.63 


4511.49 


6055.23 


7598.96 


1.552 


2197.a3 


2584.24 


2970.54 


3743.17 


4515.78 


6061.01 


7606.23 


1.553 


2199.98 


2586.66 


2973.33 


3746.71 


4520.07 


6066.79 


7613.51 


1JS54 


2202.03 


2589.08 


2976.13 


3750.25 


4524.36 


■ 6072.57 


7620.79 


1.555 


2204.08 


2591.51 


2978.93 


3753.79 


4528.65 


6078.36 


7628.07 


1.556 


2206.13 


2593.93 


2981.72 


I 3757.33 


4532.94 


6084.15 


7635.35 


1.557 


2208.18 


2596.35 


2984.52 


3760.87 


4537.23 


6089.94 


7642.63 


1.558 


2210.23 


2598.77 


2987.32 


3764.41 


4541.52 


6095.73 


7649.92 


1.559 


2212.28 


2601.20 


2990.01 


3767.95 


4545.82 


6101.52 


7657.21 


1.560 


2214.:33 


2603.63 


2992.92 


3771.52 


4550.12 


6107.31 


7664.50 


1.561 


2216.38 


2606.05 


2995.72 


3775.57 


4551.42 


6113.10 


7671.79 


1.562 


2218.43 


2668.47 


2998.52 


3778.62 


4558.72 


6118.90 


7679.09 


1.563 


2220.48 


2670.90 


3001.32 


3782.17 


4563.02 


6124.70 


7686.39 


1.564 


2222.54 


2673.33 


3004.12 


3785.72 


4567.02 


6130.50 


7693.69 


1.565 


2224.59 


2615.76 


3006.93 


3789.28 


4571.62 


6136.30 


7700.99 


1.666 


2226.64 


2618.19 


3009.73 


3792.83 


4575.92 


6142.10 


7708.29 


1.567 


2228.69 


2620.62 


3012.53 


3796.38 


4580.22 


6147.91 


7715.30 


1.568 


2230.75 


2623.05 


3015.34 


3799.94 


4584.53 


6153.72 


7722.61 


1.569 


2232.81 


2625.48 


3018.15 


3803.50 


4588.84 


6159.53 


7729.92 


1.570 


2234.87 


2627.92 


3020.96 


3807.06 


4593.15 


6165.34 


7737.53 


1.571 


2236.91 


2630.35 


3023.77 


3810.62 


4597.46 


6171.15 


7744.85 


1.572 


2238.95 


2632.78 


3026.58 


3814.18 


4601.77 


6176.96 


7752.17 


1.573 


2240.99 


26;}5.21 


3029.39 


3817.74 


4606.08 


6182.78 


7759.49 


1.574 


2243.04 


2637.64 


3032.20 


3821.30 


4610.40 


6188.60 


7766.81 


1.575 


2245.16 


2640.08 


3035.01 


3824.86 


4614.72 


6194.42 


7774.13 


1.576 


2247.22 


2642.61 


3037.82 


3828.42 


4619.03 


6200.24 


7781.46 


1.577 


2249.28 


2644.95 


3010.63 


3831.98 


4623.35 


6206.06 


7788.79 
7796.12 


1.578 


2251.34 


2647.39 


3043.44 


3835.55 


4627.67 


6211.89 


1.579 


2253.40 


2649.83 


3046.26 


3838.12 


4631.99 


6217.72 


7803.45 


1.580 


2255.46 


2652.27 


3049.08 


3842.69 


4636.31 


6223.55 


7810.78 


1.581 


2257.52 


2654.71 


3051.89 


3846.25 


4(W0.63 


6229.38 


7818.12 


1.582 


2259.58 


2657.15 


3054.70 


3849.81 


4614.95 


6235.21 


7825.46 


1.583 


2261.64 


2659.59 


3057.52 


3853.37 


4649.28 


6241.04 


7832.80 


1.584 


2263.71 


2662.03 


3060.34 


3856.93 


4653.60 


6246.87 


7840.14 


1.585 


2265.78 


2664.47 


3063.16 


3860.55 


4657.94 


6252.71 


7847.49 


1.586 


2267.84 


2666.91 


3065.98 


3864.12 


4662.27 


6258.55 


7854.84 


1.587 


2269.90 


2669.35 


3068.80 


3867.69 


4666.60 


6264.39 


7862.19 


1.588 


2271.97 


2671.79 


3071.62 


3871.27 


4670.93 


6270.23 


7869.54 


1.589 


2274.04 


2674.24 


3074.44 


3874.85 


4675.26 


6276.07 


7876.89 


1.590 


2276.11 


2676.69 


3077.27 


3878.43 


4679.60 


6281.92 


7884.25 


1.59L 


2278.17 


2679.13 


3080.09 


3882.01 


4683.93 


6287.77 


7892.61 


1.592 


2280.24 


2681.57 


3082.91 


3885.59 


4688.26 


6293.65 


7899.97 


1.593 


2282.31 


2684.02 


3085.73 


3889.17 


4692.60 


6299.55 


7807.33 


1.594 


2284.38 


2686.47 


3088.56 


3892.75 


4696.91 


6305.40 


7814.70 


1.595 


2286.45 


2688.92 


3091 ..39 


3896.34 


4701.28 


6311.18 


7921.07 


1.596 


2288.51 


2691.37 


3094.22 


3899.92 


4705.62 


6317.03 


7928.44 


1.597 


2290.58 


2693.82 


3097.05 


3903.50 


4709.96 


6322.89 


7936.81 


1.598 


2292.65 


2696.27 


3099.88 


3907.09 


4714.30 


6328.75 


7944.18 
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Depth 
















on 
Weir. 






LENGTH OF THE WEIB. 






Feet. 


6 Feet. 


7 Feet 


8 Feet 


10 Feet 


12 Feet 


16 Feet 


20 Feet 


1.599 


2294.72 


2698.72 


3102.71 


3910.68 


4718.65 


6334.61 


7951.66 


1.600 


2296.8C 


2701.17 


3106.64 


3914.27 


4723.00 


6340.47 


7957.94 


1.601 


2298.87 


2703.62 


3108.37 


3917.86 


4727.35 


6346.33 


7965.32 


1.602 


2300.94 


2706.07 


3111.20 


3921.45 


4731.70 


6352.20 


7973.70 


1.603 


2303.02 


2708.52 


3114.03 


3925.04 


4736.06 


6358.07 


7981.08 


1.604 


2305.19 


2710.97 


3116.86 


3928.63 


4740.40 


6363.94 


7988.48 


1.605 


2307.17 


2713.43 


3119.70 


3932.23 


4744.75 


6369.81 


7994.86 


1.606 


2309.24 


2715.88 


3122.63 


3935.82 


4749.10 


6375.68 


8002.26 


1.607 


2311.31 


2518.34 


3125.36 


3939.41 


4753.46 


6381.55 


8009.64 ' 


1.608 


2313.39 


2520.80 


3128.20 


3943.01 


4757.82 


6388.43 


8017.04 


1.609 


2315.47 


2523.26 


3131.04 


3946.61 


4762.18 


6394.31 


8024.44 


1.610 


2317.65 


2725.72 


3ia3.88 


3960.21 


4766.54 


6399.19 


8031.84 


1.611 


2319.63 


2728.17 


3136.72 


3963.81 


4770.90 


6405.07 


8039.24 


1.612 


2321.71 


2730.63 


3139.56 


3957.41 


4776.26 


6410.95 


8046.66 


1.613 


2323.89 


2733.09 


3142.44 


3961.01 


4779.62 


6416.83 


8054.06 


1.614 


2325.97 


2735.56 


3145.28 


3964.61 


4783.98 


6422.72 


8061.47 • 


1.615 


2327.95 


2738.01 


3148.08 


3968.21 


4788.34 


6428.61 


8068.88 


1.616 


2330.03 


2740.47 


3160.92 


3971.81 


4792.71 


6434.60 


8076.29 


1.617 


2332.11 


2742.93 


3153.76 


3975.41 


4797.08 


6440.39 


8083.71 ' 


1.618 


2334.19 


2745.40 


3156.60 


3979.02 


4801.45 


6446.28 


8091.13 


1.619 


2336.28 


2747.87 


3169.45 


3982.63 


4806.82 


6462.18 


8098.55 


1.620 


2338.36 


2750..33 


3162.30 


3986 24 


4810.19 


6458.08 


8106.97 


1.621 


2340.44 


2752.79 


3166.14 


3989.85 


4814.66 


6463.98 


8113.39 


1.622 


2342.62 


2756.25 


3167.99 


3993.45 


4818.93 


6469.88 


8120.82 


1.623 


2344.60 


2757.72 


3170.84 


3997.06 


4823.30 


6475.78 


8128.25 


1.624 


2346.69 


2760.19 


8173.69 


4000.67 


4827.68 


6481.68 


8135.68 • 


1.625 


2348.78 


2762.66 


3176.54 


4004.30 


4832.06 


6487.58 


8143.11 


1.626 


2350.86 


2765.12 


3179.39 


4007.91 


4836.44 


6493.49 


8150.66 • 


1.627 


2352.94 


2767.59 


3182.24 


4011.52 


4840.82 


6499.40 


8157.99 


1.628 


2355.03 


2770.06 


3185.09 


4015.14 


4845.10 


6505.31 


8165.43 


1.629 


2357.12 


2772.53 


3187.94 


4018.76 


4&49.48 


6611.22 


8172.87 


1.630 


2359.21 


2775.00 


3190.79 


4022.38 


4853.97 


6617.13 


8180.31 


1.631 


2361.29 


2777.47 


3193.64 


4026.00 


4858.36 


6323.06 


8181.76 


1.632 


2363.38 


2779.94 


3196.49 


4029.62 


4862.73 


6328.07 


8195.21 


1.633 


2365.47 


2782.41 


3199.35 


4033.24 


4867.12 


6234.89 


8202.66 


1.634 


2367.56 


2784.88 


3202.21 


4036.86 


4871.51 


6240.81 


8210.11 


1.636 


2369.65 


2787.36 


3205.07 


4040.48 


4875.90 


6546.73 


8217.56 


1.636 


2371.74 


2789.83 


3207.92 


4044.10 


4880.29 


6552.65 


8225.02 


1.637 


2373.83 


2792.30 


3210.78 


4047.72 


4884.68 


6568.57 


8232.48 


1.638 


2375.92 


2794.78 


3213.64 


4051.35 


4889.07 


6564.50 


8239.94 


1.639 


2378.01 


2797.26 


3216.60 


4054.98 


4893.46 


6570.33 


8247.40 


1.640 


2380.11 


2799.74 


3219.36 


4058.61 


4897.86 


6576.36 


8254.86 


1.641 


2382.20 


2802.21 


3222.22 


4062.24 


4902.26 


. 6582.29 


8262.33 


1.642 


2384.29 


2804.69 


3225.08 


4065.87 


4906.66 


6588.22 


8269.80 


1.643 


2386.38 


2807.17 


3227.94 


4069.50 


4911.06 


6594.16 


8277.27 


1.644 


2388.48 


2809.65 


3230.80 


4073.13 


4915.46 


6600.10 


8284.74 


1.645 


2390.58 


2812.13 


3233.()7 


4076.76 


4919.86 


6606.04 


8292.22 


1.646 


2392.67 


2814.61 


3236.6.3 


4080.39 


4924.26 


6611.98 


8299.70 


1.64T 


2394.77 


2817.09 


3239.40 


4084.02 


4928.66 


6617.93 


8307.18 


1.648 


2396.87 


2819.57 


3242.27 


4087.66 


4933.06 


6623.87 


8314.66 


1.649 


2398.97 


2822.06 


3245.14 


4091.30 


4937.47 


6629.81 


8322.14 


1.650 


2401.07 


2824.64 


3248.01 


4094.94 


4941.88 


6635.75 


8329.63 


1.651 


2403.16 


2827.02 


3260.87 


4098.58 


4946.29 


6641.70 


8337.12 


1.652 


2405.26 


2829.50 


3253.74 


4102.22 


4950.70 


6647.65 


8344.61 


1.653 


2407.36 


2831.98 


3266.61 


4105.86 


4956.11 


6653.60 


8352.10 


1.6&4 


2409.46 


28.^.47 


3269.54 


4109.58 


4959.52 


6650.55 


8359.60 


1.655 


2411.56 


2836.96 


3262.36 


4113.15 


4963.94 


6665.51 


8367.10 


1.656 


2413.66 


2839.44 

• 


3265.22 


4116.79 


4968.35 


6671.47 


8374.60 
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Depth 
















on 






LENGTH OF THE 


WEIR. 






Weir. 
















Feet. 


6 Feet 


7 Feet. 


8 Feet. 


10 Feet. 


12 Feet. 


16 Feet 


20 Feet 


1.657 


2413 76 


2841.^ 


3268.09 


4120.43 


4972.76 


6677.43 


8382.10 


1.658 


2417.86 


2844.42 


3270.96 


4124.07 


4977.18 


6683.39 


8389.60 


1.659 


2419.96 


2846.91 


3273.84 


4127.71 


4981.60 


6689.36 


8397.11 


1.660 


2422.07 


2849.40 


3276.72 


4131.37 


4966.02 


6696.32 


8404.62 


1.661 


2424.17 


2851.89 


3279.59 


4135.02 


4990.44 


6701.28 


8412.13 


1.662 


2426.27 


2854.34 


3282.47 


4138.67 


4994.86 


6707.26 


8419.64 


1.663 


2428.37 


2856.79 


3285.35 


4142.32 


4999.28 


6713.22 


8427.16 


1.664 


2430.48 


2859.24 


3288.23 


4146.97 


6004.70 


6719.19 


8434.67 


1.665 


2432.69 


2861.85 


3291.11 


4149.62 


6008.13 


6725.16 


8442.19 


1.666 


2434.69 


2864.34 


3293.99 


4163.07 


6012.66 


6731.03 


8449.71 


1.667 


2436.80 


2866.83 


3296.87 


4156.62 


6016.99 


6736.90 


8467.23 


1.668 


2438.91 


2869.32 


3299.75 


4159.98 


5021.42 


6742.78 


8464.75 


1.669 


2440.02 


2871.82 


3302.63 


4163.44 


5025.85 


6748.66 


8472.28 


1.670 


2443.13 


2874.32 


3305.51 


4167.90 


6030.28 


6755.04 


8479.81 


1.671 


2445.24 


2876.81 


3308.39 


4171.56 


6034.71 


6701.02 


8487.34 


1.672 


2447.35 


2879.31 


3311.27 


4176.22 


6039.14 


6767.00 


8494.87 


1.673 


2449.46 


2881.81 


3314.16 


4178.88 


6043.67 


6772.99 


8502.41 


1.674 


2451.57 


2884.31 


3317.05 


4182.54 


6048.01 


6778.98 


8509.95 


1.675 


2453.68 


2886.81 


3319.94 


4186.20 


5052.45 


6784.97 


8617.49 


1.676 


2455.79 


2889.30 


3322.82 


4189.86 


5056.89 


6790.96 


8626.03 


1.677 


2457.90 


2891.80 


a325.71 


4193.52 


5001.33 


6796.95 


8532.57 


1.078 


2460.01 


2894.:i0 


3328.60 


4197.18 


5065.77 


6802.94 


8540.12 


1.679 


2462.12 


2895.80 


3331.49 


4200.85 


6070.21 


6808.94 


8547.67 


1.680 


2464.24 


2899.31 


3334.38 


4204.52 


6074.66 


6814.94 


8566.22 


1.681 


2466.35 


2901.81 


3337.27 


4208.19 


6079.10 


6820.94 


8662.77 


1.682 


2468.46 


2904.31 


3340.16 


4211.86 


6083.34 


6826.94 


8570.a3 


1.683 


2470.58 


2906.81 


3343.05 


4215.53 


5087.99 


6832.94 


8577.89 


1.684 


2472.70 


2909.31 


3345.94 


4219.20 


5092.44 


6838.94 


8685.46 


1.685 


2474.81 


2911.82 


3.348.84 


4222.87 


6096.89 


6844.95 


8593.01 


1.686 


2476.92 


2914.32 


3351.73 


4226.54 


6101.34 


6850.96 


8600.57 


1.687 


2479.03 


2916.83 


3354.62 


4230.21 


5105.79 


6856.97 


8608.13 


1.688 


2481.15 


2919.34 


3357.52 


4233.88 


5110.24 


6862.98 


8616.70 


1.689 


2483.27 


2921.85 


3360.42 


4237.55 


5114.70 


6868.99 


8623.27 


1.690 


2485.39 


2924.36 


3363.32 


4241.24 


5119.16 


6875.00 


8630.84 


1.691 


2487.51 


2926.86 


3366.21 


4244.91 


5123.61 


6881.01 


8638.41 


1.692 


2489.63 


2929.37 


3369.11 


4248.69 


6128.07 


6887.03 


8646.99 


1.693 


2491.75 


2931.88 


3372.01 


4252.27 


6132.53 


6893.05 


8663.57 


1.694 


2493.87 


2934.39 


3374.91 


4255.95 


6130.99 


6899.07 


8661.15 


1.695 


2495.99 


2936.90 


3377.81 


4259.63 


5141.45 


6905.09 


8668.73 


1.696 


2498.11 


2939.41 


3380.71 


4203.31 


5145.91 


6911.11 


8676.31 


1.697 


2500.23 


2941.92 


3383.61 


4266.99 


6150.37 


6917.13 


8683.90 


1.698 


2502.35 


2944.43 


3386.61 


4270.67 


6164.88 


6923.16 


8691.49 


1.699 


2504.47 


2946.94 


3389.42 


4274.36 


6159.31 


6929.18 


8699.08 


1.700 


2506.60 


2949.46 


3392.33 


4278.05 


5163.78 


6935.22 


8706.67 


1.701 


2518.72 


2951.97 


3395.23 


4281.74 


5168.26 


6941.25 


8714.27 


1.702 


2510.81 


2954.48 


3398.13 


4285.43 


6172.72 


6947.28 


8721.87 


1.703 


2512.97 


2957.00 


3401.04 


4289.12 


6177.19 


6953.32 


8729.47 


1.704 


2515.10 


2959.52 


3403.95 


4292.81 


6181.66 


6959.36 


8737.07 


1.705 


2517.22 


2902.04 


3406.86 


4296.50 


6186.13 


6965.40 


8744.67 


1.706 


2519.34 


29:>4.55 


3409.77 


4201.19 


6190.60 


6971.44 


8762.28 


1.707 


2521.47 


29fi7.07 


3412.68 


4204.88 


6196.07 


6977.48 


8759.89 


1.708 


2523.60 


29S9.59 


3415.59 


4208.57 


6199.65 


6988.62 


8767.60 


1.709 


2525.73 


2972.11 


3418.50 


4212.26 


6204.03 


6989.67 


8775.11 


1.710 


2527.86 


2974.63 


3421.41 


4314.96 


6208.51 


6995.61 


8782.72 


1.711 


2629.98 


2977.15 


3424.32 


4318.66 


6212.99 


7001.66 


8790.33 


1.712 


2532.10 


2979.67 


3427.23 


4322.35 


6217.47 


7007.71 


8797.94 


1.713 


2534.23 


2982.19 


3430.14 


4326.05 


6221.96 


7013.76 


8805.56 


1.714 


2636.36 


2984.71 


3433.06 


4329.75 


6226.46 


7019.81 

• 


8813.18 
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I>epth 










., ■ * : 






on 
Weir. 






LBNGTH 


OF THE 


WEIR. 






Feet 


6 Feet 


7 Feet 


8 Feet 


10 Feet 


U Feet. 


16 Feet 


20 Feet. 


1.715 


2538.50 


2987.24 


3435.96 


4333.45 


5230.94 


7025.87 


8820.82 


1.716 


2540.63 


2989.76 


3438.89 


4337.15 


6235.42 


7031.93 


8828.46 


1.717 


2542.76 


2992.28 


3441.80 


4340.86 


6239.90 


7037.99 


8836.08 


1.718 


2544.89 


2994.80 


3444.72 


4344.55 


5243.38 


7044.05 


8843.71 


1.719 


2547.03 


2997.33 


M47.64 


4348.26 


5247.87 


7050.11 


8861.34 


1.720 


2549.16 


2999.86 


3450.56 


4361.96 


5253.36 


7066.17 


8868.97 


1.721 


2551.29 


3002.38 


3453.48 


4365.66 


6257.86 


7062.23 


8866.61 


1.722 


2553.42 


3004.91 


3456.40 


4359.37 


6262.34 


7066.30 


8874.25 


1.723 


2555.55 


3007.44 


3459.32 


4363.08 


5266.84 


7073.37 


8881.89 


1.724 


2557.69 


3009.97 


3462.24 


4366.79 


6271.34 


7079.43 


8889.53 


1.726 


2559.83 


3012.50 


»465.17 


4370.50 


5275.84 


7086.51 


8897.17 


1.726 


2561.96 


3015.03 


3468.09 


4374.21 


5280.34 


7092.58 


8904.82 


1.727 


2663.10 


3017.56 


3471.01 


4377.92 


6284.84 


7098.66 


8912.47 


1.728 


2565.24 


3020.09 


^473.93 


4381.63 


5289.34 


7104.72 


8920.12 


1.729 


2667.38 


3022.62 


3476.86 


4385.34 


5293.84 


7101.80 


8927.77 


1.730 


2570.52 


3025.15 


3479.79 


4389.06 


5298.34 


7116.88 


8935.43 


1.731 


2572.65 


3027.68 


3482.71 


4392.77 


6202.84 


7122.96 


8943.09 


1.732 


2574.79 


3030.21 


3485.64 


4396.49 


6207.34 


7129.04 


8950.76 


1.733 


2576.93 


3032.74 


3488.57 


4400.21 


5211.85 


7136.12 


8958.41 


1.734 


2579.07 


3035.28 


3491.50 


4403.93 


6216.36 


7141.21 


8966.07 


1.735 


2581.21 


3037.82 


3494.43 


4407.65 


6320.87 


7147.30 


8973.74 


1.736 


2583.35 


3040.35 


3497.36 


4411.36 


6325.31 


7153.39 


8981.41 


1.737 


2585.49 


3042.88 


3500.29 


4415.07 


5329.84 


7159.48 


8989.08 


1.738 


2587.63 


3045.42 


3503.22 


4418.78 


6334.37 


7166.57 


8996.75 


1.739 


2589.78 


3047.96 


3506.15 


4422.49 


5338.90 


7171.66 


9004.42 


1.740 


2591.92 


3050.50 


3509.09 


4426.20 


5343.43 


7177.76 


9012.10 


1.741 


2694.06 


3053.04 


3512.02 


4429.93 


6347.94 


7183.86 


9019.78 


1.742 


2596.20 


3055.58 


3514.95 


4433.67 


6362.46 


7189.96 


9027.46 


1.743 


2598.34 


3058.12 


3517.88 


4437.41 


5356.97 


7196.06 


9035.14 


1.744 


2600.49 


3060.66 


3520.82 


4441.15 


6361.49 


7202.16 


9042.82 


1.745 


2602.64 


3063.20 


3523.76 


4444.89 


5366.01 


7208.26 


9060.51 


1.746 


2604.78 


3065.74 


3526.70 


4448.62 


6370.53 


7214.36 


9058.20 


1.747 


2606,92 


3068.28 


3529.64 


4452.35 


5376.05 


7220.47 


9065.89 


1.748 


2609.07 


3070.82 


3532.98 


4456.08 


6379.57 


7226.68 


9073.68 


1.749 


2611.22 


3073.36 


3535.52 


4459.81 


6384.10 


7232.69 


9081.28 


1.750 


2613.37 


3075.91 


3538.46 


4463.65 


5388.63 


7238.80 


9088.98 


1.751 


2615.51 


3078.45 


3541.40 


4467.28 


5393.76 


7244.91 


9096.68 


1.762 


2617.66 


3080.99 


3544.34 


4471.01 


6397.69 


7251.02 


9104.38 


1.753 


2619.81 


3083.54 


3547.28 


4474.74 


6402.22 


7257.14 


9112.08 


1.754 


2621.99 


3086.09 


3550.22 


4478.47 


5406.75 


7263.26 


9119.79 


1.755 


2624.11 


3088.64 


3553.17 


4482.22 


5411.28 


7269.38 


9127.50 


1.756 


2626.26 


3091.18 


3556.11 


4485.96 


5415.81 


7275.51 


9136.21 


1.757 


2628.41 


3093.73 


3559.05 


4489.70 


6420.34 


7281.64 


9142.92 


1.758 


2630.56 


3096.28 


3562.00 


4493.44 


6424.87 


7287.77 


9160.63 


1.759 


2632.71 


3098.83 


3564.95 


4497.18 


6429.41 


7293.90 


9158.38 


1.760 


2634.87 


3101.38 


3567.90 


4600.92 


6433.95 


7300.01 


9166.06 


1.761 


2637.01 


3103.93 


3570.84 


4504.66 


6438.39 


7306.14 


9173.78 


1.762 


2639.16 


3106.48 


3673.79 


4508.40 


6442.93 


7312.27 


9181.50 


1.763 


2641.31 


3109.03 


3576.74 


4512.15 


6447.47 


7318.40 


9189.22 


1.764 


2643.47 


3111.58 


3579.69 


4515.90 


5452.01 


7324.53 


9196.55 


1.765 


2645.64 


3114.14 


3582.64 


4519.65 


6456.66 


7330.67 


9204.68 


1.766 


2647.79 


3116.69 


3585.59 


4523.40 


6461.20 


7356.81 


9212.41 


1.767 


2649.94 


3119.24 


3588.64 


4527.16 


6465.76 


7342.95 


9220.14 


1.768 


2652.10 


3121.79 


3591.49 


4530.90 


6470.31 


7349.05 


9227.87 


1.769 


2654.26 


3124.35 


3594.44 


4534.65 


6474.86 


7355.19 


9235.61 


1.770 


2656.42 


3126.91 


3597.41 


4538.40 


5479.39 


7361.37 


9243.35 


1.771 


2658.57 


3129.46 


3600.36 


4542.15 


ty4o"I»»7TC 


7367.51 


9251.09 


1.772 


2660.73 


3132.02 


3603.31 


4515.90 


5489.49 


7373.66 


9258.83 
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Depth 
















on 
Weir. 






LENGTH OF THE WEIB. 






Feet. 


6 Feet 


7 Feet. 


8 Feet 


10 Feet 


12 Feet 


16 Feet 


20 Feet 


1.773 


2662.89 


3134.58 


3606.27 


4549.66 


5494.04 


7379.81 


9266.57 


1.774 


2665.05 


3137.14 


3609.23 


4563.41 


5498.69 


7386.96 


9274.32 


1.776 


2667.21 


3139.70 


3612.19 


4667.17 


5502.15 


7392.11 


9282.07 


1.776 


2669.37 


3142.26 


3615.15 


4560.93 


5506.70 


7398.26 


9289.82 


1.777 


2671.43 


3144.82 


3618.11 


4564.69 


6511.26 


7404.42 


9297.67 


1.778 


2673.59 


3147.38 


3621.07 


4568.45 


5515.82 


7410.58 


9305.33 


1.779 


2675.75 


3149.94 


3624.03 


4672.21 


5620.38 


7416.74 


9313.09 


1.780 


2678.01 


3152.50 


3626.99 


4575.97 


5524.94 


7422.90 


9320.86 


1.781 


2680.17 


3155.06 


3629.95 


4579.73 


5529.60 


7429.06 


9328.61 


1.782 


2682.33 


3157.62 


3632.91 


4583.49 


5534.06 


7436.22 


9336.37 


1.783 


2684.49 


3160.18 


3635.87 


4587.26 


6538.62 


7441.38 


9344.13 


1.78i 


2686.66 


3162.76 


3638.83 


4591.01 


5543.19 


7447.54 


9361.90 


1.785 


2688.83 


3165.32 


3641.80 


4694.78 


5547.76 


7463.71 


9359.67 


1.786 


2690.99 


3167.88 


3644.76 


4598.54 


5552.33 


7459.88 


9367.44 


1.787 


2693.15 


3170.44 


3^7.73 


4602.31 


6556.90 


7466.05 


9375.21 


1.788 


2695.31 


3173.01 


3650.70 


4606.08 


5561.47 


7472.22 


9382.99 


1.789 


2697.47 


3175.58 


3653.67 


4609.85 


5566.04 


7478.40 


9390.77 


1.790 


2699.64 


3178.15 


3656.64 


4613.62 


5570.61 


7484.68 


9398.66 


1.791 


2701.81 


3180.71 


3669.61 


4617.39 


6575.18 


7490.76 


9406.33 


1.792 


2703.98 


3183.28 


3662.68 


4621.16 


5579.75 


7496.94 


9414.11 


1.793 


2706.15 


3185.85 


3665.55 


4624.93 


5584.32 


7403.12 


9421.89 


1.794 


2708.32 


3188.42 


3668.52 


4628.71 


6588.90 


7409.30 


9429.68 


1.795 


2710.49 


3190.99 


3671.49 


4632.49 


5593.48 


7515.48 


9437.47 


1.796 


2712.66 


3193.56 


3674.46 


4636.26 


5698.06 


7621.66 


9446.26 


1.797 


2714.83 


3196.13 


3677.43 


4640.03 


6602.64 


7527.85 


9453.06 


1.798 


2717.00 


3198.70 


3680.40 


4643.81 


5607.22 


7534.04 


9460.85 


1.799 


2719.17 


3201.27 


3683.38 


4647.69 


5611.80 


7540.23 


9468.65 


1.800 


2721.34 


3203.86 


3686.36 


4651.37 


5616.39 


7546.42 


9476.45 


1.801 


2723.51 


3206.42 


3689.33 


4655.16 


5620.97 


7562.61 


9484.26 


1.802 


2725.68 


3208.99 


3692.30 


4658.93 


5625.56 


7568.80 


9492.07 


1.803 


2727.85 


3211.57 


3695.28 


4662.61 


5630.14 


7565.00 


9499.89 


1.804 


2730.02 


3214.15 


3698.26 


4666.79 


5634.73 


7571.20 


9507.71 


1.805 


2732.20 


3216.73 


3701.24 


4670.28 


5639.32 


7577.40 


9516.48 


1.806 


2734.37 


3219.30 


3704.22 


4674.06 


5643.91 


7583.60 


9523.29 


1.807 


2736.54 


3221.87 


S707.20 


4677.85 


5648.50 


7589.86 


9531.10 


11.808 


2738.72 


3224.45 


3710.18 


4681.64 


5653.09 


7596.00 


9538.92 


1.809 


2740.90 


3228.03 


3713.16 


4685.43 


5657.69 


7602.21 


9546.74 


1.810 


2748.08 


3229.61 


3716.15 


4689.22 


5662.29 


7608.42 


9554.66 


1.811 


2746.25 


3232.19 


3718.13 


4693.01 


6666.88 


7614.63 


9562.38 


1.812 


2747.43 


3234.77 


3721.11 


4696.80 


5671.47 


7620.87 


9570.20 


1.813 


2749.61 


3237.35 


3724.09 


4700.59 


5676.07 


7627.07 


9578.03 


1.814 


2761.79 


3239.93 


3727.08 


4704.38 


5680.67 


7633.27 


9586.86 


1.815 


2763.97 


3242.52 


3731.07 


4708.17 


5685.27 


7639.48 


9593.69 


1.816 


2756.15 


3245.10 


3734.05 


4711.96 


5689.87 


7645.70 


9601.52 


1.817 


2758.33 


3247.68 


3737.04 


4715.76 


5694.47 


7651.92 


9609.46 


1.818 


2760.61 


3250.26 


3740.03 


4719.56 


5699.07 


7658.14 


9617.39 


1.819 


2762.69 


3263.84 


3743.02 


4723.35 


6603.68 


76&4.36 


9626.23 


1.820 


2764.87 


3256.43 


3746.01 


4727.15 


5708.29 


7670.58 


9632.87 


1.821 


2767.05 


3258.01 


3749.00 


4730.95 


5712.90 


7676.81 


9640.71 


1,822 


2769.23 


3260.60 


3751.99 


4734.75 


5717.51 


7683.05 


9648.55 


1.823 


2771.41 


3263.19 


3754.98 


4738.55 


5722.12 


7689.29 


9656.40 


1.824 


2773.59 


3265.78 


3757.97 


4742..36 


5726.73 


7695.53 


9664.26 


1.825 


2775.78 


3268.37 


3760.96 


4746.15 


5731.34 


7701.72 


9672.10 


1.826 


2777.96 


3270.95 


3763.95 


4749.85 


5735.95 


7707.95 


9679.96 


1.827 


2779.14 


3273.64 


3766.94 


4753.65 


6740.56 


7704.18 


9687.80 


1.828 


2781.32 


3276.13 


3769.93 


4767.45 


5745.18 


7720.42 


9696.66 


1.829 


2783.50 


3278.72 


3773.a3 


4761.26 


5749.80 


7726.66 


9703.62 


1.830 


2786.69 


3281.31 


3775.93 


4766.17 


6754.42 


7732.90 


9711.38 
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Depth 
















•n 
Weir. 






LENGTH < 


DF THB WEIB. 




• 


Fmt. 


6 Feet. 


7 Feet. 


8 Feet 


10 Feet 


UFeet 


IB Feet 


aOFeel. 


1.889 


2916.41 


3435.54 


3953.88 


4991.36 


6028.81 


8103.74 


10178.67 


1.893 


2918.63 


3437.77 


3956.92 


4995.21 


6033.60 


8110.07 


10186.65 


1.891 


2920.84 


3440.39 


3959.95 


4999.07 


6038.18 


8117.10 


10194.63 


1.892 


2923.05 


3443.01 


3962.99 


6002.93 


6042.86 


8123.44 


10202.61 


1.893 


2925.27 


3445.64 


3966.03 


6006.79 


6047.56 


8129.78 


10210.60 


1.894 


2927.49 


3448.27 


3969.07 


6010.66 


6052.24 


8136.12 


10218.59 


1.895 


2929.70 


3450.90 


3972.11 


6014.62 


6056.93 


8141.76 


10226.58 


1.896 


2931.91 


3453.53 


3976.15 


6018.38 


6061.62 


8148.10 


10234.57 


1.897 


2934.12 


»I56.16 


3978.19 


5022.25 


6066.31 


8154.44 


10242.66 


l.o98 


2936.34 


3458.79 


3981.23 


6026.12 


6071.00 


8160.78 


10260.66 


1.899 


2938.56 


3461.42 


3984.27 


6029.99 


6076.70 


8167.13 


10268.66 


1.900 


2940.78 


3464.05 


3987.32 


5033.86 


6080.40 


8173.48 


10266.66 


1.901 


2942.99 


3466.68 


3990.36 


5037.73 


6086.09 


8180.83 


10274.66 


1.902 


2945.21 


3469.31 


3993.40 


5041.60 


6089.79 


8187.18 


10282.66 


1.903 


2947.43 


3471.94 


3996.44 


5046.47 


6094.49 


8193.53 


10290.67 


1.904 


2949.65 


3474.57 


3999.49 


6049.34 


6099.91 


8199.88 


10298.68 


1.905 


2951.87 


3477.21 


4002.54 


6053.22 


6103.89 


8205.24 


10306.69 


1.906 


2954.09 


3479.84 


4005.68 


5067.09 


6108.69 


8211.60 


10314.60 


1.907 


2956.31 


3482.47 


4008.63 


5060.96 


6113.29 


8217.96 


10322.61 


1.908 


2958.53 


3485.10 


4011.68 


6064.84 


6118.06 


8224.32 


10330.62 


1.909 


2960.75 


3487.74 


4014.73 


6068.72 


6122.77 


8230.68 


10338.64 


1.910 


2962.97 


3490.38 


4017.78 


5072.60 


6127.41 


8237.04 


10346.66 


1.911 


2965.19 


3493.01 


4020.83 


5076.48 


6132.12 


8243.40 


10364.68 


1.912 


2967.41 


3495.64 


4023.88 


5080.36 


6136.83 


8249.76 


10362.70 


1.913 


2969.63 


3498.28 


4026.93 


5084.26 


6141.54 


8256.13 


10370.73 


1.914 


2971.89 


3600.92 


4029.98 


6088.14 


6146.25 


8262.50 


10378.76 


1.915 


2974.08 


3503.56 


4033.04 


5092.00 


6150.96 


8268.87 


10386.79 


1.916 


2976.30 


3506.20 


4036.09 


6095.88 


6155.67 


8275.24 


10394.82 


1.917 


2978.52 


3508.84 


4039.14 


6099.76 


6160.38 


8281.61 


10402.85 


1.918 


2980.74 


3511.48 


4042.19 


5103.64 


6165.09 


8287.99 


10410.88 


1.919 


2982.97 


3514.12 


4045.25 


5107.63 


6169.81 


8294.37 


10418.92 


1.920 


2985.20 


3516.76 


4048.31 


6111.42 


6174.53 


8300.76 


10426.96 


1.921 


2987.42 


3518.80 


4051.36 


6116.31 


6179.25 


8307.13 


10436.00 


1.922 


2989.65 


3521.44 


4054.42 


6119.20 


6183.97 


8313.61 


10443.04 


1.923 


2991.88 


3624.08 


4067.48 


6123.09 


6188.69 


8319.89 


10461.08 


1.924 


2994.11 


3526.72 


4060.54 


6126.98 


6193.41 


8326.27 


10459.13 


,1.925 


2996.34 


3529.97 


4063.60 


6130.87 


6198.13 


8332.66 


10467.18 


1.926 


2998.57 


3532.61 


4066.66 


6134.76 


6202.85 


8339.05 


10476.23 


1.927 


3000.80 


3535.26 


4069.72 


6138.65 


6207.57 


8345.44 


10483.28 


1.928 


8003.03 


3637.90 


4072.78 


6142.64 


6212.30 


8361.83 


10491.34 


1.929 


3005.26 


3640,66 


4075.84 


5146.44 


6217.03 


8368.22 


10499.40 


1.930 


3007.49 


3543.20 


4078.91 


5150.34 


6221.76 


8364.61 


10507.46 


1.931 


3009.72 


3545.84 


4081.97 


6154.23 


6226.49 


8371.00 


10516.52 


1.932 


3011.95 


3648.49 


4085.03 


5158.13 


6231.22 


8377.40 


10523.68 


1.933 


3014.18 


3551.14 


4088.09 


6162.03 


6235.96 


8383.80 


10631.64 


1.934 


3016.41 


3553.79 


4091.16 


6165.93 


6240.68 


8390.20 


10639.71 


1.935 


3018.64 


3556.44 


4091.23 


6169.83 


6245.42 


8396.60 


10647.78 


1.936 


3020.87 


3559.09 


4097.29 


6173.73 


6250.15 


8403.00 


10566.85 


1.937 


3023.10 


3561.74 


4100.36 


6177.63 


6264.88 


8409 40 


10663.92 


1.938 


3025.33 


3564.39 


4103.43 


6181.63 


6259.62 


8416.80 


10671.99 


1.939 


3027.57 


3567.04 


4036.50 


6186.43 


6264.36 


8422.21 


10580.07 


1.9l(]k 


f 3029.81 


3569.69 


4109.67 


6189.34 


6269.10 


8428.62 


10688.16 


1.941 


3032.04 


3672.34 


4112.64 


6193.24 


6273.84 


8435.03 


10696.23 


1.942 


3034.27 


3674.99 


4116.71 


6197.14 


6278.58 


8441.44 


10604.31 


1.943 


3036.51 


3677.64 


4118.78 


6101.05 


6283.32 


8447.86 


10612.39 


1.944 


3038.75 


3580.30 


4121.85 


5104.96 


6288.06 


8464.27 


10620.47 


1.945 


3040.99 


3582.96 


4124.93 


6208.87 


6292.81 


8460.69 


10628 JS6 


1.916 


3043.22 


3685.61 


4128.0(] 


6212.78 


6297 J» 


8467.11 


10636^ 
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Depth 
















oa 
Wdr. 






UBNOTH OF THB WXIK. 






Feet 


6 Feet 


7 Feet 


8 Feet 


10 Feet 


UFeet 


16 Feet 


20 Feet 


1.917 


3045.46 


3588.26 


4131.07 


6216.69 


6302.29 


8473.53 


10644.74 


1.948 


3047.70 


3590.92 


4134.14 


5220.60 


6307.04 


8479.05 


10662.83 


1.949 


3049.94 


3593.58 


4137.22 


6224.61 


6311.79 


8486.37 


10660.93 


1.960 


3052.18 


3696.24 


4140.30 


6228.42 


6316.64 


8492.79 


10669.03 


1.951 


3C54.42 


3698.90 


4143.37 


5232.33 


6321.29 


8499.21 


10677.13 


1.952 


3056.66 


3601.56 


4146.46 


5236.24 


6326.04 


8506.64 


10686.23 


1.953 


3058.90 


3604.22 


4149.63 


6240.16 


6330.79 


8612.07 


10693.33 


1.954 


3061.14 


3606.88 


4162.61 


6244.08 


6336.66 


8518.60 


10701.44 


1.965 


3063.38 


3609.64 


4165.69 


5248.00 


6340.31 


8624.93 


10709.66 


1.956 


3065.62 


3612.20 


4168.77 


5251.92 


6346.06 


8631.36 


10717.66 


1.957 


. 3067.86 


3614.86 


4161.86 


6266.84 


6349.82 


8637.79 


10726.77 


1.958 


3070.10 


3617.52 


4164.93 


6259.76 


6364.68 


8644.23 


10733.88 


1.959 


3072.34 


3620.18 


4168.01 


5263.68 


6369.34 


8550.67 


10741.99 


1.960 


3074.59 


3622.84 


4171.09 


5267.60 


6364.10 


8557.11 


10760.11 


1.961 


3076.83 


3626.50 


4174.17 


6271.52 


6368.86 


8663.66 


10758.23 


1.962 


3079.07 


3628.16 


4177.26 


6276.44 


6373.52 


8669.99 


10766.36 


1.963 


3081.32 


3630.83 


4180.34 


6279.36 


6378.28 


8576.43 


10774.47 


1.964 


3083.57 


3633.50 


4183.43 


6283.29 


6383.06 


8582.87 


10782.59 


1.965 


3085.82 


3636.17 


4186.62 


6287.22 


6387.92 


8689.32 


10790.72 


1.966 


3088.06 


3638.83 


4189.60 


6291.14 


6392.68 


8695.76 


10798.85 


1.967 


3090.30 


3641.49 


4192.68 


6296.07 


6397.45 


8602.20 


10706.98 


1.968 


3092.55 


3644.16 


4195.77 


5299.00 


6402.22 


8608.65 


10715.11 


1.969 


3094.80 


3646.83 


4198.86 


6302.93 


6406.99 


8615.10 


10723.24 


1.970 


3097.05 


3649.50 


4201.95 


5306.86 


6411.76 


8621.67 


10831.38 


1.971 


3099.29 


3652.17 


4205.04 


6310.79 


6416.63 


8629.02 


10839.62 


1.972 


3100.54 


3654.84 


4208.13 


6314.72 


6421.30 


8636.48 


10847.66 


1.973 


3103.79 


3657.51 


4211.22 


6318.66 


6426.07 


8641.94 


10855.80 


1.974 


3106.04 


3660.18 


4214.31 


5322.58 


6430.86 


8648.40 


10863.96 


1.975 


3108.29 


3662.85 


4217.40 


5326.52 


6435.63 


8663.86 


10872.10 


1.976 


3110.54 


3665.62 


4020.49 


6330.46 


6440.41 


8660.32 


10880.26 


1.977 


3112.79 


3668.19 


4023.58 


6334.38 


6446.19 


8666.78 


10888.76 


1.978 


3116.04 


3670.86 


4026.68 


6338.32 


6449.97 


8673.26 


10896.90 


1.979 


3117.29 


3673.53 


4029.78 


5342.26 


6464.76 


8679.72 


10906.06 


1.980 


3119.54 


3676.21 


4232.88 


6346.20 


6469.63 


8686.19 


10912.85 


1.981 


3121.79 


3678.88 


4235.97 


5350.14 


6464.31 


8692.66 


109C1.01 


1.982 


3124.04 


3681.55 


4239.06 


6354.08 


6469.09 


8699.13 


10929.17 


1.983 


3126.29 


3684.22 


4242.16 


5358.02 


6473.87 


8706.60 


10937.33 


1.984 


3128.65 


3686.90 


4245.26 


6361.96 


6478.66 


8712.07 


10946.49 


1.985 


3130.81 


3689.58 


4248.36 


6365.91 


6483.45 


8718.56 


10953.65 


1.986 


3133.06 


3692.25 


4261.46 


5369.86 


6488.24 


8726.03 


10961.82 


1.987 


3135.36 


3694.93 


4254.56 


5373.79 


6493.03 


8731.51 


10969.99 


1.988 


3137.57 


3697.61 


4267.66 


5377.73 


6497.82 


8737.99 


10978.16 


1.989 


3139.83 


3700.29 


4260.76 


5381.68 


6402.61 


8744.47 


10986.33 


1.990 


3142.09 


3702.9r 


4263.86 


6386.63 


6507.41 


8750.96 


10994.60 


1.991 


3144.34 


3705.^ 


4266.96 


5389.58 


6612.20 


8757.43 


10102.68 


1.992 


3146.59 


3708.21 


4270.06 


6393.53 


6516.99 


8763.92 


10112.68 


1.993 


3148.85 


3710.83 


4273.17 


6397.48 


6521.78 


8770.41 


10120.86 


1.994 


3151.11 


3713.46 


4276.28 


5401.43 


6526.57 


8776.90 


10129.04 


1.995 


3153.37 


3716.37 


4279.38 


5405.38 


6631.38 


8783.39 


11036.40 


1.996 


3155.63 


3719.05 


4282.48 


5409.33 


6636.18 


8789.88 


11043.59 


1.997 


3157.89 


3721.73 


4285.68 


5413.28 


6640.98 


8796.37 


11061.78 


1.998 


3160.15 


3724.41 


4288.69 


6417.23 


6645.78 


8802.87 


11059.97 


1*999 


3162.41 


3727.10 


4291.80 


5421.19 


6550.58 


8808.37 


11068.16 


2.000 


3164.67 


3729.7S 


> 4294.91 


6426.16 


6656.39 


8816.87 


11076.36 



■Weight of a Cubic foot of Pure Water s 
ent Temperatures. 



Degr™. 


WciKhl. 


Degreea. 


Wtlghl. 


Degree. 


Weight. 


D.g«... 


Wsighl. 


S2 


63.376 


45 


62.378 


59 


62.336 


73 


62.249 




62.377 


46 




60 


62.331 


74 


62.242 




62.378 




62 376 


61 


63.326 


76 


62.234 


86 


62.379 


48 


62.378 


62 


62.321 


76 


62.226 


86 


62.380 


49 


62.371 


63 


62.316 




62.217 


37 


62.391 


60 


62.368 


64 


62,310 


78 


62.208 




62.381 


61 


62.365 


G5 


62.304 


79 


62.199 








G2.363 


66 


63.298 


80 


62.190 


39.36 


62.382 


58 


62.359 


67 


62.292 


81 


62.181 


10 


62.882 


64 


62.856 




62.286 


82 


63.172 


41 


62.881 


55 


62.352 


69 


62.278 


83 


62.162 


42 


62.381 


66 


62.349 


70 


62.272 


84 


62.153 






67 


62.346 


71 


62.264 


86 


62.142 


44 


62.379 


68 


62,340 


72 


62,257 


86 


62.132 



ITable of InQhsa and SlxMenUia Reduced to DeoLmnlBl | 


- 


or -root. II 





1 


» 


S 


4 


S 


« 


7 


S 


t> 


lO 


11 


.000 


,088 


,167 


,260 


,333 


,417 


,600 


,583 


,667 


,760 


,833 


,917 




.005 


,089 


,!■;« 


,1!66 




,422 


.5116 


,689 


,672 


,766 


,839 


,922 




.010 


1194 


177 


.■m\ 


,;U4 


4«7 


51(1 


,694 


,677 


,760 


H44 


,927 


A 


.016 


,099 


.182 


.•i6ti 


.349 


.432 


,516 


.699 


,682 


.766 


.849 


.933 


A 


.031 


.104 


,187 


271 


,354 


.437 


621 


.604 


.687 


,771 


,864 


.937 




Am 


109 


193 


:a7K 


369 


443 


.,'.HK 


.609 


,693 


.■riK 


,869 


,948 


t 


.031 


115 


I9M 


Wl 


365 


44M 


,fi3t 


,616 


KH8 


,781 


865 


.948 




.120 


.203 


.286 


.370 


.453 


.636 


.630 


,708 


.786 


.870 


,963 


A 


042 


125 


,208 


m. 


,375 


.468 


.542 


fi?R 


,708 


,792 


,876 


958 




047 


130 


,214 


3HV 


,380 


4M 


.547 


.fiSO 


.VI 4 


,V97 


,880 


964 




IWA 


135 


■^rw 


30« 


,386 


,469 


56M 


,636 


,VI9 


HW 


,H8,S 




^1 


067 


.141 


.224 


307 


.391 


.474 


567 


,641 


,734 


.807 


.891 


.974 












a<wi 


479 


6fifl 


646 


7?9 










.068 


161 


,K34 


318 


,401 


484 


568 


.651 


.73+ 


.818 


.901 


984 




073 


166 


K40 


3'/3 


406 


,490 


^7,^ 


,6,-16 


■;40 


nn 


,90K 


990 




.078 


.161 


.24-. 


328 


.411 


.495 


.578 


.661 


.745 


.828 


.911 


995 
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HEADS, IN FEET, DUE TO VELOCITIES FEOM TO 4.99 FEET PEB 

SECOND. 



Teloc'y 





1 


2 


3 


4 


6 


6 


7 


8 


9 


0.0 


0.0000 


0.0000 


0.0000 


0.0000 


0.0000 o.oono 


0.0001 


0.0001 


0.0001 


1 

00001 


.1 


O.OOOi 


0.0002 


0.0002 


0.0003 0003 0.0003 


0.0(04 


0.00)4 


O.OoO.) 


O.tOOO 


.2 


0.0006 


0.0007 


0.0008 


0.0008 0.0009 O.OOlO 


00011 


O.oOll 


0.00 P2 


0J13 


.8 


0.0)14 


0.0015; 0016 


0.0017 


0.0018 0.0019 


0.0020 


0.0021 


0.(022 


0.0024 


.4 


0.0025 


0.00-'6 0.0027 


O.11O29 


0.0030 0.0031 


0.0033 


0.i03i 


0.0036 


0.0037 


^ 


0.0039 


0.0040 0.004i 


0.(K)44 


0.0045 


0.0 47 


U.0049 


0.0051 


(10062 


0.00^4 


.6 


0.0056 


0.0058 0.0060 


0.0062 


0.0064 


0.0066 


0.0068 


0.007U 


0072 


0.0074 


.7 


0.0076 


O.mlS 0.0081 


0.0088 


0.008S 


0.0087 


0.0090 


0.0092 


0009.3 


0.0097 


.8 


0.00 J9 


0102 0.0105 


0.0107 


OOhO 


0.011^ 


0.0115 


0.0118 


0.012' 


00123 


.9 


0126 


0.0129 0.0132 


0.0134 


0.0137 


0.0140 


00143 


0.0146 


0.0149 


0.0152 


1.0 


0.0155 


0.0159 0162 


0165 


0.0168 


0.0171 


0.0175 


0.0178 


0.0181 


0.0185 


a 


0.0188 


0.0192! 0.0195 


0.0199 


0.0202 


0.0206 


0.O209 


0:13 


0.0216 0.0220 


,2 


0.02 i4 


0.0228 0.0231 


0.02% 


0.0239 


0.024J 


0247 


0.0251 


0.0256! 0.0259 


.8 


0.0263 


0.0267 0.0271 


0.0-275 


0.0-79 


0.0283 


0.0288 


Oi^92 


0.0296 


0.0300 


.4 


0;J05 


0.0309, 0.0313 


0.0318 


0.08.-2 


0.0327 


0331 


0.0336 


0.0.H1 


0345 


.6 


o.oa50 


0.03.54 0.0359 


0.0361 


0339 


0.0371 


0.0378 


0.0383 


0.(888 


0.0393 


.6 


0.0393 


0.0103 0408 


0.0413 


0.0418 


0.0423 


0.0428 


0.0434 


0.04;«1 0.(444 


.7 


0.0449 


0455 0.0160 


0.043> 


0.0471 


0.0476 


0.0482 


0.0487 


0.0493 0.0498 


.8 


0.0504 


0.0)09 0.0515 


0.0521 


0.0526 


0.0532 


0.053s 


0.0544 


0.0.'yl9; 0665 


J9 


0.0561 


0.0567 


0.0573 


0.0579 


0.0585 


0.0-91 


0,0597 


0.0603 


0.0609 


0.0616 


2.0 


0.0622 


0.0628 


0.0634 


0.0641 


0.0647 


0.0653 


0.0660 


0.0666 


0.06T3 


0.0679 


.1 


0.0u86 


0.0S93 


oom 


0.O705 


0.0712 


0719 


0.0725 


0.0:82 


0.0739 


0.(»746 


.2 


0.0752 


0.0759, 


0.0766 


0.0773 


0.0780 


0.0787 


0.0791 


0.l'801 


08r'8 


0.0815 


JS 


0.0^22 


0.0830 


0.0837 


0.0814 


0651 


0.0859 


0. 866 


0.0873 


0881 


(1.0888 


.4 


O.0895 


0.0933 


0.1910 


0.0918 


0.09 i6 


<).0933 


0.0941 


0.0918 


0956 


0.0964 


.6 


0972 


0.0^79, 


0.09^7 


00995 


0.1003 


0.101 1 


0.1019 


1(2: 


0.1.36 


0.1043 


•6 


0.10.51 


O.1059, 


0.1037 


0.1075 


0.1084 


0.1092 


OllOO 


0.1 10m 


0.1117 


0.1125 


.7 


0.1133 


-0.1 142 1 


0.1150 


0.1159 


0.1167 


0.1176 


0.1184 


0.1193 


(M201 


0.1210 


.8 


0.1219 


0.1228, 0.1-'3> 


0.1245 


0.1251 


0.126-i 


lL'72 


0.1281 


0.1289 


0.1296 


^ 


0.13 j7 


0.1316 0.1323 


013J5 


0.1344 


0.1358 


0.13J2 


0.1371 


0.1381 


01390 


8« 


0.1899 


0.1409 


0.1418 


0.1427 


0.1487 


0.1445 


0.14o6 


0.1465 


01475 


0.1484 


.1 


0.1494 


0.1504 


0.1513 


0.1523 


0.1533 


154^ 


0.1652 


0.1562 


O.I072; 0.1582 


.2 


0.1592 


0.1602 


0.1^12 


0.1^^22 


1632 


0.1642 


0.16.52 


16(i2 


0.1673 


0.1683 


.3 


0.169) 


0.1703 


0.1714 


0.1721 


0.1734 


0.1745 


0.1755 


0.1766 


1770 


0.1787 


.4 


0.1797 


0.1808 0.1818 


0.18-29 


0.1840 


0.18)0 


0.1881 


0.1K72 


0.1883 


or 94 


^ 


0.1901 


0.1915 0.1926 


0.19 »7 


0.1918 


0.19)9 


0.1970 


0.1981 


0.1J92 


0.2 04 


.6 


0.2015 


0.2026 0.203r 


0.204!) 


0.2060 


0.2 '71 


0.208 5 


0.2 94 


21(»6 0.2117 


.7 


0.2128 


02140 


0.2151 


0.2163 


2175 


0.2186 


0219S 


0.2210 


2221 0.2233 


.6 


0.224> 


0.2257 


0.2269 


0.228) 


2 92 


0.2304 


0.2316 


0.23-28 


2340 0.1'352 


.9 


0.2816 


0.2377 


0.28^9 


0.2401 


0.4413 


0.2426 


0.24.8 


0.24J0 


0.2463 


0.2476 


40 


0.2487 


0.2500 2512 


0.2525 


0.?6.37 


0.2550 


2563 


0.2575 


2588 02601 


.1 


0.26ia 


0.2628 263) 


0.2662 


0.2665 


0.2677 


0.-^690 


0.2703 


02716 2729 


.2 


0.2742 


0.2755' 0.2769 


0.2782 


0.2795 


0.2>08 


0.2821 


0.2836 


0.2«4*< 


0.2861 


.3 


0.2876 


0283S 0.29)1 


0.2916 


0.29-28 


2942 


02955 


2969 


2982 0.v9!)6 


.4 


0.3') 10 


0.3023 0.3037 


8051 


sm 


0.3 '79 


08 92 


0.3106 


0.: 120 0.31.34 


.5 


0.8U8 


0.8162! 0.3176 


0.3190 


3204 


0.3218 


8-2:^ 


0.3247 


0. 261 ".3-275 


.« 


829) 


0.38041 0.8318 


85:« 


oam 


3312 


3376 


0.33^n 


0.84 5 :<4i0 


.7 


0.3434 


0.8149, 0.3468 


3478 


3193 


0.36 8 


0.a522 


3.537 


35.5J oa567 


.8 


0.a582 


0.8597 


0.3612 


0.8627 


0.3642 


0..365" 


0..3672 


0.8687 


0.87 2 u 3717 


.9 

r 


0.3788 


0.3748 


0.3763 


0.3779 


0.8794 


0.3809 


0.8825 


0.3840 


0.8866 0.3871 



10 
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PI8CHARGE,IN CUBIC FEET FEB SECOND, OF A WEIR ONE FOOT LONG, WITH- 
OUT CONTRACTION AT THE ENDS i FOR DEPTHS FROM TO 0.499 FEET. 



D«pUi. 





1 


8 


3 


4 


6 


6 


7 


8 


9 




1 
0.00 


0.0000 


O.OCOl 


0.0003 


0.0006 


0.0008 


0.0012 


0.0016 


0.C020 


0.0024 


0.0028 


.01 


0.0033 


0.0038 


0.0014 


0.0049 


0.0055 


0.0061 


0.0C67 


0.0074 


0.0080 


0.0087 


.02 


0.0094 


0.0101 


0.0109 


00116 


0.0124 


0.0132 


0.0140 


0.0148 


0.0156 


0.0164 


.03 


0.0178 


0.0182 


0.0191 


00200 


0.02(9 


0.0218 


0.02v,7 


0.0237 


0.0247 


0.0256 


1 '^ 


0.0266 


0.0276 


0,0287 


0.0297 


0.0307 


O.OilS 


0.0829 


0.0389 


0.0850 


0.0361 


1 .05 


0.0872 


0.0384 


0l)£95 


0.0406 


0.0418 


0.04:^0 


0.0411 


0.C453 


0.C465 


0.0477 


.06 


0.0489 


0.0512 


0.0514 


0.0i27 


0.0539 


0.0552 


0.0565 


0.0678 


0.0590 


0.06C4 


.07 


0.0617 


0.0630 


0643 


0.0657 


0.0670 


0.0684 


0.06&8 


0.0712 


0.0725 


0.0789 


1 .08 


0.0768 


0.0768 


071*1 


0.0i96 


0.0811 


0.0826 


0.0840 


0.0856 


0.0869 


0.0884 


! .09 


0.0899 


0.0914 


0.C919 


0.0944 


0.0960 


0.0975 


0.C990 


0.1006 


0.1022 


0.1087 


0.10 


0.1053 


0.1069 


0.1085 


0.1101 


0.1117 


0.1128 


0.1149 


0.1166 


0.1182 


0.1198 


.11 


0.1*216 


0.1231 


0.1248 


0.1266 


0.1282 


0.1299 


0.1316 


0.1333 


0.1850 


0.1867 


.12 


0.1884 


0.140k 


0.1419 


0.1486 


0.1454 


0.1472 


0.1489 


0.1607 


0.1525 


0.1543 


.13 


0.1661 


0.1679 


0.1697 


0.1615 


0.1683 


0.1662 


0.1670 


0.1689 


0.1^07 


0.1726 


.14 


0.1744 


0.1763 


0.17t2 


0.1801 


0.1820 


0.1889 


0.1858 


0.1877 


0.1896 


0.1916 


.16 


0.1985 


0.1954 


0.1*73 


0.1998 


0.2012 


0.2( 32 


0.2(52 


0,2072 


0.2091 


0.2111 


.16 


2181 


0.2151 


0.2171 


0.2191 


0.2212 


0.2i3v 


0.2252 


0.2273 


0.2293 


0.2814 


' .17 


0.2834 


0.2365 


0.2376 


0,2396 


0.2417 


0.2438 


0.i459 


0.2480 


0.2601 


0.2522 


.18 


0.2643 


0.2564 


0.2586 


0.2607 


0.26^8 


0.2650 


0.2671 


0.2698 


0.2714 


0.2736 


.19 


0.2758 


0.2780 


0.2802 


0.2828 


0.2846 


0.2867 


0.2890 


0.2912 


0.2984 


0.2966 


0.20 


0.2978 


0.3001 


0.302S 


0.8C46 


0.8068 


0.8091 


0.8118 


0.5136 


0.3159 


0.8182 


.21 


32(16 


0.3228 


03260 


0.3274 


0.8297 


0.3820 


0.8348 


0.8366 


0.8889 


8413 


, ^22 


0.c486 


3460 


0.2483 


0.3507 


0.3630 


0.8564 


03578 


0.8601 


0.8625 


3649 


i .28 


0.3678 


0.8697 


3721 


0.3745 


0.8769 


0.8794 


0.3818 


0.3842 


0.3866 


0.3891 


.24 


0.3916 


0.3940 


0.8S64 


0.S9f9 


0.4014 


0.4088 


4C63 


0.4688 


0.4118 


4188 


.26 


0.4162 


0.4187 


0.4218 


0.4238 


0.4268 


0.4288 


0.4313 


0.43S9 


0.4864 


0.4389 


.26 


0.4416 


0.4440 


0.44€6 


0.4491 


0.4517 


0.4548 


0.4668 


0.4594 


0.4620 


0.4646 


.27 


0.4672 


0.4€98 


0.4724 


0.4750 


0.4776 


0.4802 


0.4828 


0.4866 


^4881 


0.4907 


.28 


0.4984 


0.4r60 


4987 


0.5013 


5040 


0.5067 


0.5093 


0.5120 


6147 


0.5174 


.29 


0.6200 


0.6127 


0.5264 


0.5281 


0.6308 


0.6386 


0.5368 


0.6890 


0.6417 


0.6444 


0.30 


0.6472 


0.6499 


6627 


0.6664 


6682 


0.66C9 


0.6687 


0.6664 


0.6692 


6720 


.31 


0.6748 


0.6776 


0.6803 


f.831 


0.5859 


0.6887 


0.f9I5 


0.5943 


0.6972 


6060 


.32 


0.6028 


0.6066 


0.6085 


0.6118 


0.6141 


0.6170 


0.6198 


0.6227 


0.6266 


0.6284 


.83 


0.6818 


0.6f41 


0.6370 


0.Cc99; 0.6428 


0.6457 


0.6486 


0.6615 


0.6544 


0.6578 


.84 


0.6602 


0.6631 


0.6660 


0.66^9 


0.6719 


0.6748 


0.6777 


0.6807 


0.6886 


0.6866 


.36 


0.6895 


0.6926 


0.C954 


0.6984 


0.7014 


0.7648 


0.7073 


0.7103 


0,7188 


0.7163 




.36 


7198 


0.7523 


0.7258 


0.7if3; 0.7818 


0.784a 


0.7&73 


0.7404 


0.7424 


0.7464 




.87 


0.7496 


0.7526 


0.7555 


0.7P86 


0.7616 


0.7647 


0.7678 


0.7708 


0.7789 


0.7770. 


.88 


0.7800 


0.78ol 


0.7862 


0.7898 


0.79. 4 


0.'.955 


0.7986 


0.8017 


0.8048 


0.8079 


.89 


0.8110 


0.8142 


0.8173 


0.8204 


0.8286 


0.8267 


8298 


0.8C80 


0.8361 


0.8893 


0.40 


0.8424 


0.8466 


0.84P8 


0.8619 


0.8651 


0.86F8 


0.8616 


0.8646 


0.8678 


o.sno 


.41 


0.8742 


8774 


88(6 


8838; 0.88:0 


0.8903 


0.8935 


0.8967 


0.8999 


09082 


.42 


0.9064 


0.9(96 


9119 


0.9161 


0.9194 


0.9". 26 


9259 


9S92 


0.9324 


0.9367 


.43 


9.9390 


0.9422 


0.9456 


(•.9488 


0.9521 


0.P654 


0.9587 


0.9620 


0.96)^3 


0.9686 


; .44 


0.9719 


0.9752 


0.9786 


0.9819 0.9852 


0.9885 


0.9919 


0.9952 


09986 


1.0019 


' .46 


1.0062 


1.0086 


1.0119 


1.0153 1.0187 


1.0220 


1.0254 


1.0288 


1.0321 


1.0865 


i .46 


1.(389 


1.0428 


l.f457 


1.C491 l.a'-26 


1.0559 


1.0593 


1.0627 


1.C661 


1.0696 


,' .47 


1.0730 


1.0764 


1.0798 


1.0833 1.0867 


1.09 1 


1.6'936 


1.(970 


1.1C06 


no: 9 


.48 


1.1074 


1.1109 


1.1148 


1.1178 


1.1213 


1.1248 


1.1282 


1.1817 


1.1362 


1.1 38T 




.49 


1.1422 


1.1467 


1.1492 


1.1627 


1.1662 


1.1597 


1.1632 


1.1668 


1.1703 


1.1738 
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DISCHARGE, IN CUBIC FEET PER SECOND, OF A WEIR ONE FOOT LONG, WITH- 
OUT CONTRACTION AT THE ENDS; FOR DEPTHS FROM 0.500 10 a999 FEET. 





D«ptb. 





1 


9 


3 


4 


5 


6 


7 


8 


9 


0.50 


1.1778 


1.1803 


1.1844 


1.1879 


1.1915 


1.1930 


1.1986 


1.2021 


1.2057 


1.2093 


.61 


1.2128 


1.2164 


1.2200 


1.22^5 


1.2271 


12307 


1.234J 


1.2379 


1.2415 


1.2451 


.62 


1.2487 


1.252.i 


1.2559 


1.2595 


1.2t31 


1.26b7 


1.2703 


1.2740 


1.2776 


1.2812 


JBB 


1.2849 


1.2885 


1.2921 


1.2938 


1.2994 


1.8031 


1.3087 


1.3104 


1.3141 


1.3177 


M 


132U 


1.3251 


1.3287 


1.3324' 1.8361 


1.3398 


13435 


1.3472 


1.3609 


1.3546 


.65 


1.3583 


1.3620 


13657 


1.3694 1.3731 


1.3768 


1.3806 


1.3843 


1.3880 


1.3918 


.66 


1.3955 


1.3992 


1.4030 


1.4067 


1.4105 


1.4142 


1.4180 


1.4217 


1.4256 


1.4293 


.67 


1.4133 


1.4368 


1.4406 


1.4414 


144S1 


1.4519 


1.4557 


1.4695 


1.4633 


1.4671 


.08 


1.4709 


1.4747 


1.4785 


1.4823 1.4362 


1.4900 


1.49:38 


1.4976 


1.6()14 


1.5063 


.59 


1.5091 


1.5130 


1.516S 


1.5203 1.6245 


1.6283 


1.6322 


1.6361 


1.6399 


1.6438 


0.60 


1.5476 


1.5515 


1 6554 


1.5593 1.5631 


1.5670 


1.5709 


1.5748 


1.5787 


1.6826 


.61 


15865 


1.5904 


1.6943 


1.5932 1.6021 


1.6060 


1.6100 


1.6139 


16178 


1.6217 


Si 


1.625T 


1.6296 


1.6335 


1.6375 


16414 


16454 


1.6493 


1.6533 


1.6572 


16612 


.63 


1.66 i2 


1.6691 


1.6731 


1.6771 


1.6810 


1.6*50 


1.6893 


1.6930 


1.6970 


1.7010 


.61 


1.7050 


1.7090 


1.7133 


1.7170 17210 


17250 


1.7293 


1.7330 


1.7370 


1.7410 


.65 


4.7451 


1.7491 


1.7531 


1.7572 


1.7612 


1.7652 


1.7693 


17733 


1.7774 


1.7814 


.63 


1.7855 


1.7893 


1.7936 


1.7977 


1.8318 


1.8358 


1.8099 


18140 


1.8181 


1.8221 


.67 


1.8262 


1.8338 


1.8341 


1.8336 1.81261 


1.8467 


1.8.506 


18549 


1.8690 


1.8632 


.63 


1.8873 


1.8714 


1.8755 


1.8796! 1.8838 


1.8879 


1.8320 


1.89^ 


1.9303 1.9045 


.63 


1.9386 


1.9128 


1.9169 


1.9211 


1.9232 


1.9294 


19336 


1.9377 


1.9419 


1.9461 


70 


1.9303 


19544 


1.9386 


1.9628 1.9670 


1.9712 


1.9754 


1.9793 


1.9838 


1.9880 


.71 


1.9922 


1.9954 


2.0006 


2.004S, 2.0091 


2.0133 


2.0175 


2.0217 


2.0260 


2.0302 


.72 


20314 


2.0337 


2.0429 


2.0472, 2.0514 


2.0557 


2 0599 


2.(1642 


2.0^4 


2.0727 


L .73 


2.0770 


2.0812 


20855 


2.0893 2.0911 


2.098 J 


2.1026 


2.1039 


21112 


2.1155 


.74 


2.1198 


2.1241 


2.1284 


2.1327 1 2.1370 


2.1413 


2.1456 


2.1499 


2.1543 


2.1586 


.75 


2.1629 


2.1672 


2.1716 


2.1759. 2.1802 


2 1816 


2.1889 


2.1932 


2.1976 


2.2019 


.76 


2.2063 


2.2107 


2.2150 


2.2194; 2.2237 


2.2 !8 1 


2.2323 


2.2369 


2.2412 


2.2466 


.77 


2.2)00 


2.2544 


2.2.588 


2.2632, 2.2675 


2.2719 


2 2763 


2.2837 


2.2851 


2.2836 


.78 


2.2940 


2.29S4 


5.3028 


2.3072 2.3116 


2.3161 


2 3205 


2.3243 


2.3291 


2.3a38 


.79 


2.3382 


2.3427 


2.3471 


2.3516 2.3530 


2.3304 


2.3649 


2.3694 


2 3788 


2.3783 


080 


2.3828 


2.3S72 


2.3917 


2.3932 


2.4006 


2.4051 


2.4093 


2.4141 


2.4186 


2.4231 


.81 


2.4276 


2.4321 


2.4366 


2.4411 


2.4456 


2.4.501 


2.4546 


2.4591 


2.4636 


2.4681 


.82 


2.4727 


2.4772 


2.4^7 


2.4852 2.4938 


2.4953 


2 4999 


2.6044 


25089 


2.5136 


.83 


2 5180 


2.5226 


2.5271 


2.5317 2.5363 


2.6108 


2.5454 


2.65<^ 


2.6645 


2.6691 


.84 


2.5fJ87 


2.5683 


2.5728 


2.6774 2.5820 


2 6866 


2 6912 


2.5958 


2.6004 


2.6050 


.85 


2.6096 


2.6142 


3.6188 


2.6234 


2.6280 


2.6327 


2.6373 


2.6419 


2.6465 


2 6611 


.86 


2.6558 


2.6601 


2.66.50 


2.6697 


2.6743 


2 679) 


2.68:i6 


2.6883 


2.6929 


2.6976 


.87 


2.7022 


2.7069 


2.7116 


2.7162 2.7209 


2.7256 


2.7303 


2.7349 


2.7396 


27448 


.88 


2.7490 


2.7536 


2.75R8 


2 76301 2.7677 


2.7724 


2.7771 


2.7818 


2.7865 


2.7912 


.89 


2.7959 


2.8007 


2.8054 


2.8101 


2 8148 


2.8195 


2.8243 


2.8290 


2.8337 


2.83S6 


0.9) 


2.8432 


2.8479 


2.8527 


2.8674 


2.8622 


2.8669 


2.8717 


2.8764 


2.8812 


2.8860 


.91 


2.8907 


2.8956 


2.9003 


2.90.501 2.9398 


2.9146 


2.9194 


2.9241 


2.9289 


2.9337 


.92 


2 9385 


2.9433 


2.9481 


2.9529, 2.9577 


2 9625 


2.9673 


2.9721 


2.9769 


2.9817 


.93 


2.9365 


2 9914 


2.9962 


3.0010 


3.0058 


3.01- »7 


3.01.55 


3 0203 


8.0252 


3.0800 


.94 


8.0348 


3.0397 


8.0445 


3.0494 


3 0542 


3.0591 


8.0639 


3 0688 


3.0787 


8.0785 


.95 


3.0S31 


3.0883 


3.0931 


3.0980! 3.1029 


3.1078 


3.1127 


3.1175 


3.1224 


31278 


.96 


8.1322 


81371 


3.1420 


3.1469 3.1518 


3.1567 


3.1616 


3.1665 


3.1714 


8.1764 


.97 


3.1813 


3.1862 


3.1911 


3.1980| 3.2010 


3.2059 


3.2108 


3.2158 


8.2207 


3.2257 




.93 


3.2306 


8.2355 


3.2405 


3 24-54 


32504 


3.2564 


3.2603 


3.2663 


3.2702 


3.2752 




•99 


3.2802 


3.2851 


3.2901 


3.2951 


3.3001 


3 3051 


3.8100 

* 


3.3160 


3.3200 


3.3250 
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DI8CHARaE,IMr CUBIC FEET PER SECOND. OF A WEIR ONE FOOT LONG, WITH- 
OUT CONTRACTION AT lUE ENDS ; FOR DEFXUS FROM 1.000 TO 1.489 FEET. 



Depth. 





1.00 


3.3800 


.01 


8.8801 


.C2 


3.4801 


.03 


3.4810 


•C4 


8 5318 


,05 


8.5828 


.C6 


3.6342 


,07 


36867 


.08 


3.7375 


.09 


3.7895 


1.10 


8.8418 


.11 


3.8948 


.12 


8.9470 


.13 


4 00C0 


.14 


4 0532 


.15 


4.1067 


.16 


4.1604 


.17 


4.2143 


.18 


4.2684 


.19 


4.8228 


1.20 


4.8774 


.21 


4.4322 


.22 


4.4873 


.23 


4.5426 


,24 


4.5981 


.25 


4.6.538 


.26 


4 7098 


.27 


4.7660 


.28 


4.8224 


.29 


48790 


1.30 


4.9358 


.31 


4.9929 


.32 


5.0502 


.83 


5.1077 


.84 


5.1654 


.35 


5.2283 


,36 


5.2814 


,37 


5.3398 


.88 


5 3984 


.39 


5.4572 


1.40 


5.5162 


.41 


5.5754 


.42 


5.6348 


.43 


5.6944 


.41 


5.7542 


.46 


5.8143 


.46 


6.8745 


.47 


5.9350 


.48 


5.9957 


.49 


6.0565 



83360 
3.3851 

3 4354 
3.4860 
3.5369 
3.5880 
8.6a93 
3.6909 
3.7427 
3.7947 

3.8470 
8.8996 
8 9523 
4.0053 

4 0586 
4.1120 
4.1ft57 
4.2197 
4.2738 
4 8282 

4.3829 
4.4377 
4.4928 
4.5481 
4.6036 
4.6591 
4.7154 
4.7716 
4.82«0 

4 8847 

4.9415 

4.99S6 

5.0559, 

5.1134 

5.1712 

5.2291 

5.2873 

5 3456 
5.4042 
5.4630 

6.5221 
5.5813 
5.6407 
5.7004 
5.7602 
5.8203 
5.P806 
5.9410 
6.0 117 
6.0626 



8 


3 


3 3400 


8.3460 


3.3901 


3.3951 


34405 


3.4455 


3.4911 


8.4962 


3.5420 


3.5471 


3.5931 


3.5982 


3 6444 


3.6496 


8.6980 


8.7012 


3 7479 


8.7531 


3.80CO 


3.8062 


3.8523 


3.8575 


3.9048 


8 9101 


8.9576 


3.9G29 


4.0106 


4.0160 


4.0639 


4.0692 


4.1174 


4.1228 


4.1711 


4.1765 


4.2251 


4.2305 


4 2793 


4.2847 


4.3837 


4.3392 


4.3883 


4.39.38 


4.4432 


4 4187 


4.4983 


4.6038 


4 5587 


4 5592 


4.6092 


4.6148 


4.6650 


4.6706 


4 7210 


4 7266 


4.7772 


4 7859 


4 8837 


4.8393 


4.89t'3 


4.8960 


4.P472 


4.9529 


5.0043 


5.0100 


5 0616 


50674 


5 1192 


6.1249 


5.1769 


5.1827 


52349 


5.2407 


52931 


5.2989 


5.3615 


5 8578 


5.4101 


54160 


5.4689 


5.4748 


5.5280 


5.5339 


5.5872 


5 5932 


56467 


5.6526 


5.7064 


5.7128 


5.7662 


5.7722 


5.8263 


58323 


P.8866 


5.8926 


5.9471 


5.9532 


6.0078 


6.0139 


6.0687 


6.0748 



3.3500 
8.40 '2 
3.4506 
3.5013 
8.6522 
8.6083 
3.6547 
3.7064 
3.7583 
8.8104 



3 8628 
3.9154 
3 9682 
.0213 
0746 
.1281 
.1819 



2859 
2901 
4.8446 

4.3f93 
4.4542 
4.5094 
4.5647 
4.6203 
4.6762 
4.7822 
4.7885 

4 8450 
4.9U17 

4.9586 

5 0158 
5.0731 
5.1807 
5.1885 
5.2466 
5.3048 
5.3632 
5.4219 
6.4807 

5.5398 
5.5991 
5.6586 
6.7183 
5.7782 
5.8.384 
5.8987 
5.9592 
6.0200 
6.0809 



8.3550 
3.4052 
34657 
3.5068 
3.5573 
3.6085 
8.6699 
3.7116 
3.7635 
8.8156 

8.8680 
8 9206 
3.9785 
4.0266 
4.07S9 
41385 
4.1873 
4 2413 
4.2956 
4.8501 

4.4048 
4.4597 
4.5149 
4.5703 
4.6259 
4.6818 
4.7878 
4.7941 
4.8506 
4.9074 

4.9643 
5.0215 
5.0789 
5.1866 
5.1943 
6.2528 
5.3106 
53601 
5.4277 
5.4866 

5.5457 
5.60.^0 
5.6646 
5.7243 
5;7842 
5.8414 
59047 
5.9B58 
6.0261 
6.0870 



6 



8.3600 
3.4102 
3.4607 
3 5114 
8.5624 
8.6186 
3.6651 
3.7167 
3.7687 
3.8209 

3.8733 
8.9259 

3 9788 
4.0819 
4.0853 
4.1889 
41927 
42467 
4.8010 
4.8556 

44108 

4 4652 
4.5204 
4.5759 
4.6315 
4.6874 
4.7485 
4.7998 
4.8568 
4.9131 

4.9701) 
5.(»i72 
5.0846 
5.1428 

5 20U1 
5.2582 
58 64 
5.8749 
5.43^.6 
5.4925 

6.5516 
5 6110 
5.6706 
5.7303 
5.7902 
5.8504 
5.9108 
5.9714 
6.0322 
6.0931 



8 



3.3650 
34153 
3.4658 
3.5165 
3.6675 
3.6187 
3.67U2 
3.7219 
3.7739 
3.82G1 

3.8786 
3.9312 
3.9841 
4 0372 
4.0906 
4.1442 
41981 
4 2522 
4.3066 
4.3610 

4.4158 
4.4707 
45260 

4 5814 
4.6371 
4.6930 
4.7491 
48054 
4.8620 
4.9187 

4.9757 
5.0880 
5.0904 
5.1480 
5.2059 
5.264^ 
5.3223 
5.3808 
5.4896 
6.4984 

5.5576 
5.6169 
6.6765 
5.7368 

5 7962 
5.8n64 
5.9168 
6.9774 
6.0382 
6.0993 



9 



3.8700 
8.4203 
3.4708 
3.5216 
3.5726 
3.6289 
8.6754 
3.7271 
3.7791 
3.8313 

38888 
8.9365 
89894 
4.0426 
4 0960 
4.1496 
4 2035 
4.2576 
4.8119 
4.3666 

4.4212 
4.4763 
4 5315 
4.5870 
4 6427 
4 6986 
4.7547 
4.8111 

4 8676 
4.9244 

4.9814 
5.0^87 
5.0961 
5.1538 
5.2117 
5.2698 

5 3281 
6.8866 
5 4454 
6.5043 

5.5635 
5.6229 
5 6825 
57428 
6.8023 
5.P625 
6.9229 
59885 
6.0443 
6.1064 



8.3751 
3.4254 
3.4759 
3.f267 
3.5777 
3.6290 
3.680& 
3.7823 
3.7843 
3.8865 

3.8890 
8.9418 
3.9947 
4.0479 
4.1013 
4.1550 
4.2089 
4.2680 
4.8173 
4.3719 

4.4267 
4.4818 
4.5870 
4.5925 
4.6482 
4.7042 
4.7603 
4 8167 
4.8738 
4.9301 

49872 
5.0444 
61019 
5.1596 
6.2175 
6 2756 
5.5340 
5.3925 
5.4518 
5.5102 

5.5694 
5.6288 
5.6884 
6.7482 
5.8088 
6.8685 
59289 
6.9896 
6.0504 
6.1115 



o 1 as 
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DISCHARGE, IN CUBIC FEET PER SECOND, OF A WEIR ONE FOOT LONG, WITB 
OUT CONTRACTION AT THE ENDS; FOR DEPTHS FROM 2.000 TO 2.489 FEET. 



Depth 





1 


2 


3 


4 


5 


6 


7 


8 


1 

9 


2.00 


9.4187 


9.4257 


9.4328 


9.4399 


9.4469 


9.4640 


9.4611 


9.4682 9.4752 


9.482? 


.01 


9.4894 


9.4965 


9.5086 


9.5106 


9.5177 


9.5248 


9.5319 


9.5890 96461 


9.553!} 


.02 


9.5603 


9.5674 


9 6746 


9.6816 


9.5887 


9.5958 


9.6029 


9.6100 9 6171 


9.6248 


.03 


9.6314 


9.6385 


9.6466 


9 6527 


9 6599 


9.6670 


9.6741 


9.6812 9.68F4 


9.69^ 


M 


9.7026 


9.7098 


9.7169 


9.7240 


9.7312 


9.7383 


9.746.^ 


9.7626; 9.7698 


9.7669 


.05 


9.7741 


9.7812 


9.7884 


9.7965 


9.8027 


9.8098 


98170 


98242 9.8313 


9.8385 


.06 


9.8467 


9.8528 


9.8600! 9 8672 


9.8744 


9.8815 


9 8887 


9.8959 9.9031 


9.9103 


.07 


9.9174 


9 9246 


9.9318 


9.9390 


9.9462 


9.9534 


9.9606 


9 9678: 9.9750 


9.9822 


.08 


9.9894 


9.9966 


10.004 


10.011 


10.018 


10.025 


10.068 


10.040 


10-047 


10.054 


.09 


10.062 


10.069 


10.076 


10.083 


10.090 


10.098 


10.106 


10.112 


10.119 


10.127 


2.10 


10.184 


10.141 


10.148 


10.156 


10.168 


10.170 


10.177 


10.185 


10.192 


10.199 


.11 


10206 


10.214 


10.221 


10 228 


10.235 


10.248 


10.250 


10.267 


10.264 


10.272 


.12 


10.279 


10.286 


10 293 


10.301 


10.808 


10.815 


10.393 


10.380 


10.837 


10.844 


.18 


10.3')2 


10 359 


10.366 


10.374 


10.381 


10.888 


10.396 


10.403 


10.410 


10.417 


.14 


10.425 


10.432 


10.439 


10.447 


10.464 


10.461 


10.469 


10.476 


10.488 


10.491 


.15 


10 498 


10.505 


10.513 


10.520 


10.527 


10.585 


10542 


10.549 


10657 


10.564 


.16 


10.671 


10 579 


10.586 


10.593 


10 601 


10.608 


10.615 


10.623 


10.680 


10.687 


.17 


10.645 


10.652 


10.659 


10.667 


10.674 


10.682 


10.689 


10.696 


10.704 


10.711 


.18 


10.718 


10.726 


10.733 


10.741 


10.748 


10.765 


10.763 


10.770 


10.777 


10.785 


.19 


10.792 


10.800 


10.807 


10.814 


10.822 


10.829 


10837 


10.844 


10.851 


10.869 


2.20 


10866 


10.874 


10.881 


10.888 


10.896 


10.903 


10 911 


10.918 


10.926 


10.988 


.21 


10.940 


10.948 


10 955 


10.968 


10.970 


10.978 


10 985 


10.992 


11000 


11.007 


.22 


11.015 


11.022 


11.030 


11.037 


11.046 


11.052 


11.059 


11.067 


11.074 


11.082 


.23 


11.089 


11.097 


11.104 


11.112 


11.119 


11.127 


11.184 


11.141 


11.149 


11.166 


.24 


11.164 


11.171 


11.179 


11.186 


11.194 


11.201 


11.209 


11.216 


11224 


11.281 


.26 


11.589 


11246 


11.254 


11.261 


11.269 


11.276 


11.284 


11291 


11.299 


11.306 


.26 


11.814 


11.321 


11.329 


il.:86 


11.844 


11.851 


11.359 


11866 


11.374 


11881 


.27 


11.889 


11.396 


11.404 


11.412 


11.419 


11.427 


11.484 


11.442 


11.449 


11.457 


.28 


11.464 


11.472 


11.479 


11.487 


11.494 


11.602 


11.510 


11.617 


11.625 


11.682 


.29 


11.640 


11.647 


11.565 


11.662 


11.670 


11.578 


11.685 


11.598 


11.600 


11.608 


2.30 


11.615 


11.623 


11.681 


11.638 


11.646 


11.658 


11.661 


11.669 


11.676 


11.684 


.31 


11691 


11.699 


11.706 


11.714 


11.722 


11.729 


11.787 


11.744 


11.752 


11.760 


.82 


11.767 


11.775 


11.783 


11.790 


11.798 


11.805 


11.813 


11.821 


11.828 


11.888 


.33 


11.843 


11.851 


11.869 


11.866 


11.874 


11.882 


11.889 


11.897 


11.904 


11912 


.34 


11.920 


11.927 


11.935 


11.948 


11.950 


11.958 


11.966 


11.978 


11.981 


11.989 


.85 


11.996 


12.004 


'2.012 


12.019 


12.027 


12.036 


12.042 


12.060 


12.068 


12.065 


.86 


12.073 


12.081 


12.088 


12.096 


12.104 


12.111 


12119 


12.127 


12.134 


12.142 


.87 


12.150 


12.157 


12.165 


12.173 


12.181 


12.188 


12.196 


12.204 


12.211 


12.219 


.88 


I2.i27 


12.281 


12.242 


12.250 


12.2.58 


12.266 


12.278 


12.281 


12.288 


12.296 


.39 


12.804 


12.312 


12.319 


12.327 


12.385 


12.842 


12.350 


12.368 


12.866 


12.878 


2.40 


12.381 


12389 


12.897 


12.404 


12.412 


12.420 


12.428 


12.485 


12.443 


12.451 


.41 


12 459 


12.466 


12.474 


12.482 


12.490 


12.497 


12.605 


12.613 


12.621 


12528 


.42 


12.686 


12.544 


12.652 


12.560 


12.567 


12.675 


12.683 


12.691 


12.698 


12.606 


.43 


12.614 


12.622 


12.630 


12.637 


12.645 


12.658 


12.661 


12.669 


12.676 


12.684k 


.44 


12.692 


12.700 


12.708 


12.715 


12.723 


12.731 


12.789 


12.747 


12.764 


12.763 


.45 


12.770 


12.778 


12.786 


12.794 


32.801 


12.809 


12.817 


12,826 


12.883 


12.840 


.46 


12.P48 


12.856 


12.864 


12.872 


12.880 


12.888 


12.895 


12.908 


12.911 


12.919 


.47 


12.927 


12.935 


12.912 


12.950 


12.958 


12.966 


12.974 


12.982 


12.990 


12.S9T 


.48 


13.005 


13.013 


18.021 


13.029 13.037 


13.045 


IBMZ 


18.060 


18.068 


13.076 


.49 


18.084 


18.092 


18.100 


13.108 18.116 


18.114 


18.181 


18.189 13.147 


13.155 



1 
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J>ISCHARGE, IN CUBIC FEET PER SECOND, OF A WEIR ONE FOOT LONG, WITH- 
OUT CONTRACTION AT THE ENDS; FOR DEPTHS FROM 2.500 TO 2.999 FEET. 



Depth. 





1 


% 


3 


4 


6 


6 


7 


8 


9 


2.50 


18.163 


13.171 


13.179 


13.187 


13.195 


13 202 


13.210 


18.218 


13.226 13.234 


.51 


13.242 


13.250 


13 258 


13.2t)6 


13.274 


13.282 


13.290 


13.297 


13.305 13.313 


.52 


18.321 


13.329 


13.337 


13.345 


13.353 


l:i.361 


13.869 


13.377 


13.386,13.393 


.53 


13.401 


13.409 


13.417 


13.424 


13.432 


18.440 


13.448 


13456 


13.46413.472 


.54 


13.480 


13.488 


13.496 


13.504 


13.512 


13.5k0 


13.528 


13.536 


13.544:13.552 


.55 


13.560 


13.568 


13.576 


13.584 


13.592 


13.600 


13.608 


13.616 


13.624' 13.632 


.56 


13.640 


13.648 


13.656 


18.664 


13.672 


13.680 


13.688 


13.696 


13.704 18.712 


Jbl 


13.720 


13.728 


13.736 


13.744 


13.752 


13.760 


13.768 


13.776 


13.784 13.792 


.58 


13.800 


13.808 


13.816 


18.824 


13.832 


13.840 


13.848 


13856 


18.864 113.872 


^9 


18.880 


13.888 


13.896 


13.904 


13.912 


13.920 


13.928 


13.936 


13.944 13.953 


2.60 


18.961 


13.969 


18.977 


13.985 


18.993 


14.001 


14.009 


14.017 


14.025 14.033 


.61 


14.041 


14.049 


14.057 


14.065 


14074 


14.062 


14.09v> 


14.098 


14.10614.114 


.62 


14.122 


14.130 


14.138 


14.146 


14.154 


14.162 


14.171 


14.179 


14.187 14 195 


.68 


14.203 


14.211 


14.219 


14.227 


14.235 


14.243 


14.252 


14.260 


14.268 14.276 


.64 


14.284 


14.292 


14.300 


14.308 


14.316 


14.825 


14.333 


14.341 


14.349 14.357 


.65 


14.865 


14.373 


14.382 


14.390 


14.898 


14.406 


14.414 


14.422 


14.430 14.438 


.66 


14.447 


14.455 


14.463 


14.471 


14.479 


14.487 


14.496 


14.504 


14 512 14 520 


.67 


14.528 


14.636 


14.545 


14.553 


14.561 


14.669 


14.577 


14585 


14 594 14.602 


.68 


14.610 


14.618 


14.626 


14.634 


14.648 


14.651 


14.659 


14.667 


14.675 14.684 


.69 


14.692 


14.700 


14.708 


14.716 


14.726 


14.783 


14.741 


14.749 


14.757 


14.766 


2.70 


14.774 


14.782 


14.790 


14.798 


14.807 


14.815 


14.823 


14.881 


14.889 


14.848 


.71 


14.856 


14.864 


14.872 


14.881 


14.889 


14.897 


149an 


14.913 


14.922 


14 930 


.72 


14.988 


14.946 


14.955 


14.963 


14.971 


14.979 


14.988 


14.996 


15.004 


15.012 


.78 


15.021 


15.029 


15.087 


15.045 


15.054 


15.062 


16.070 


15.078 


16.087 


16.095 


.74 


15.108 


15.112 


15.120 


15.128 


15.136 


15.145 


15.153 


16.161 


15.169 


15.178 


.75 


15.186 


15.194 


15.203 


16.211 


15.219 


15.227 


15.236 


15.244 


15.252 


15.261 


.76 


15.269 


15.277 


15.2a5 


15.294 


15.802 


16.310 


15.319 


16.827 


15.835 


15.344 


.77 


15.352 


15.360 


15.369 


15.377 


15.885 


15.394 


15.402 


15.410 15.419 


15.427 


.78 


15.435 


15.443 


15.452 


15.460 


15.468 


15.477 


16.485 


15.494 15.602 


15.510 


.79 


15.519 


15.527 


15.535 


15.544 


15.552 


15.560 


15.669 


15.577 


15.585 


15.594 


2.80 


15.602 


15.610 


15.619 


15.627 


15.635 


15.644 


15.652 


15.661 


16.669 


15.677 


.81 


15.686 


15.694 


15.702 


15.711 


16.719 


15.728 


15.736 


15.744 15.753 


15.761 


.82 


15.789 


15.778 


15.786 


16.795 


15.803 


15.811 


15.820 


15.828, 16.837 


16.845 


.83 


15.853 


15.862 


15.870 


16.879 


15.887 


15.89.5 


15.904 


15.912' 15.921 


15.929 


.84 


15.988 


15.946 


15.954 


15.963 


15.971 


15.980 


15 988 


15.997 


16.005 


16.013 


.85 


16.022 


16.080 


16.089 


16.047 


16.056 


16.064 


16.072 


16.081 


16.089 


16.098 


.86 


16.106 


16.115 


16.123 


16.132 


16.140 


16.148 


16.157 


16.165! 16.174 


16.182 


.87 


16.191 


16.199 


16.208 


16.216 


16.225 


16283 


16.242 


162S0' 16.258 


16.267 


.88 


16.275 


16.284 


16.292 


16.801 


16.809 


16.818 


16.326 


16.835 16.343 


16.352 


.89 


16.860 


16.369 


16.377 


16.886 


16.394 


16.403 


16.411 


16.420 


16.428 


16.437 


2.90 


16.445 


16.454 


16.462 


16.471 


16.479 


16.488 


16.496 


16.605 


16.613 


16 622 


.91 


16.530 


16639 


16.547 


16.556 


16.565 


16.573 


16.682 


16.590 16.599 


16.607 


.92 


16.616 


16.624 


16.633 


16.641 


16.660 


16.658 


16.667 


16.675 16.6H4 


16.693 


.93 


16.701 


16.710 


16.718 


16.727 


16.736 


16.744 


16.752 


16.761 16.770 


16.778 


.94 


16.787 


16.795 


16.804 


16.812 


16.821 


16.830 


16.838 


16.847 


16.855 


16.864 


.95 


16.872 


16.881 


16.890 


16,898 


16.907 


16.915 


16.924 


16.982 


16.941 


16.950 


.96 


16.958 


16.967 


16.975 


16.984 


16.998 


17.001 


17.010 


17.018 


17.027 


17.036 


.97 


17.044 


17.053 


17.062 


17.070 


17.079 


17.087 


17.096 


17.105 


17.113 


17.122 


.98 


17.130 


17.189 


17.148 


17.156 


17.165 


17.174 


17.182 


17.191 


17.199 


17.208 


- .99 


17.217 


17.225 


17.234 


17.243 


17.251 


17.200 


17.269 


17.277. 17.286 


17.295 



VELOCITIES, . 
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VELOCITIES, IN FEET PER SECOND, DUE TO HEADS PROM 10 TO 

14.99 FEET. 



Head. 





10.0 


25.862 


A 


25.489 


.2 


25.614 


.3 


25.74<> 


A 


26.864 


.6 


25.988 


.6 


26.112 


.7 


26 235 


.8 


26.357 


.9 


26.479 


31.0 


26.600 


.1 


26.721 


.2 


26.841 


.3 


26.960 


.4 


27.079 


.6 


27.198 


.6 


27.316 


.7 


27.433 


.8 


27.660 


.9 


27.667 


12.0 


27.783 


.1 


27.898 


.2 


28.013 


.3 


28.128 


.4 


28.242 


.6 


28.356 



.5 


28.356 


.6 


28 469 


.7 


28.582 


.8 


28.694 


.9 


28.806 


13.0 


28 917 


.1 


29.028 


.2 


29.139 


^ 


29.249 


.4 


29.359 


.5 


29.468 


.6 


29.677 


.7 


29.686 


.8 


29.794 


.9 


29.901 


14.0 


80 000 


.1 


aO.116 


.2 


30.222 


.3 


30.329 


.4 


30.435 


.6 


80.640 


.6 


30.645 


.7 


30.750 


.8 


30.854 


.9 


30938 



25.375 
25501 
25.627 
25.752 
25.877 
26.001 
26.124 
26.247 
26.369 
26.491 

26.612 
26.733 
26.853 
26.972 
57.091 
27.210 
27.328 
27.445 
27.56i 
27.678 

27 794 
27.910 
28.025 
28.139 

28 263 
28.367 
28.480 
28.593 
28.705 
28.817 

28.928 
29.039 
29.150 
29.260 
29.870 

29 479 
29.688 
29.»96 

29 806 
29.912 

30 020 
30.126 
30.233 
30.339 
30.445 
30.661 
30.666 
30.670 
30.866 
80.969 



2 



3 



25.387 

25.514 

25.640 

25.765 

25.889 

26.018; 

26.136 

26.269 

26.381 

26.503 

26.624 
26.745 
26.865 
26.984 
27.108 
27.221 
27.839 

27 457 
27.674 
27.690 

27.806 
27.921 

28 086 
28.151 
28 266 

28 878 
28.491 
28.604 
28.716 
28.828 

28.939 
29.060 
29.161 
29.271 
29.881 
'^9.490 
29699 

29 707 
29.816 
29928 

30.030 
80137 
80244 
30.850 
80 466 
30.661 
30.666 
30.771 
30.875 
30.1f79 



2.5.400 
26.526 
25.652 
25.777 
25 902 
26.026 
26.149 
26.272 
26.: 94 
26.515 

26.636 
26.757 
16.877 
26.996 
27.115 
27.233 
27.361 
27.468 

27 686 
27.702 

27.817 

27.933 
28.C48 
23.162 
28.276 
28.39.) 
28.5C'3 
28.615 
28.727 
28.889 

28 951 
29.061 
20.1':2 
29.282 
29.192 
29.601 
29.610 
29.718 
29.826 
29.934 

30.041 
30.148 
80.254 
30.;<eo 

30.466 
80.672 
30.677 
80.781 
80.886 
30*990 



6 



25413 
25.539 
26.666 
25.790 
25.914 
26.038 
26.161 
26 284 
26.406 
26.527 

26.648 
26.769 
26.^89 
27.008 
28127 
27.246 
27.363 
27.480 
27.697 
27.713 

27.829 
27.944 
28 059 
28.174 
2^.288 
28.401 
^8.514 
28 627 
28.739 
28.^50 

28 962 
29.073 
29.183 
29.293 

29 403 
29.512 
29.620 
29.729 
29.837 
29.914 

3ft.052 
80.159 
30.265 
30. 71 
30.477 
30.582 
30.687 
30.79 i 
S0.^96 
31.000 
I 



26.426 
25.5.'^2 
25.677 
26.802 
2/^.926 
26.060 
26.173 
26.296 

26 418 
26.640 

26.f60 
26.781 
26.901 
27.0.0 
27.139 
27.267 
27.376 
27.492 
27.609 
27.726 

27.841 

27 956 
28.071 
28.186 
28.2i9 
£8.412 
28.f26 
28.638 
28.7f0 
28.862 

28.973 
29 084 
29.194 
29.3C4 
29.418 
29.523 
29.631 
29.740 
29.848 
29.965 

30.062 
30.169 
30.276 
30.382 
30.487 
30.593 
30.698 
3i>.802 
30.906 
81.010 



25.488 
25.664 
25.690 
25 815 

25 989 
26.0B8 
26.186 
26.308 
26.430 
26.552 

26.672 

26 793 
26.913 

27 032 
27.150 
27.269 
27.886 
27.504 
27.620 
27.736 

27.852 
27.967 
28.082 
28.196 
28.310 
28.424 
2«.537 
28.649 
28.761 
28.873 

28.9P4 
29.095 
29.205 
29.815 
29.424 
20.; 83 
29.642 
29.751 
29.868 
29.966 

30.078 
30.180 
80.286 
80.892 
30.498 
30.603 
30.708 
80.818 
80.917 
31.021 



25.451 
26.577 
25.702 
25.827 
25.931 
26.076 
26.198 
26.820 
26.442 
26.564 

26.684 
26.806 
26.9l4 
27.044 
27.162 

27 280 
27.398 
27.615 
27.632 
27.748 

27.864 
27.979 
28.0i)4 
28.208 
'^8.8^2 
28.435 
28.548 
28.660 

28 772 
28.884 

28.995 
29.106 
29.216 
19 326 
29.435 
29.544 
29.653 
29.761 
19.869 
29.977 

30.(84 
80.190 
30.297 
80403 
30.608 
80.614 
80.719 
30.828 
£0.927 
31.031 



8 



26.468 
25.589 
25.716 
25.889 
25.964 
26.087 
26 210 
26.338 
26.454 
26.576 

26.697 
26.817 
26.936 
27.056 
27.174 
27.292 
27.410 
27.527 
27.644 
27.760 

27876 
27.990 
28.105 
28.21fl 
28.388 
28.446 
28.569 
28.672 
28.7f8 
28.895 

29006 
29.117 
29.227 
29.f87 
^9446 
29.555 
29.664 
29.772 
29.880 
29.987 

£0.094 
30.201 
30.807 
80.413 
30.619 
80.624 
80.729 
80.888 
30.988 
81.041 



9 



25.476 
25.602 
26.728 
25.862 
25.976 
26 099 
26.222 
26.845 
26.467 
26.586 

26.709 
28.829 
26.948 
27.067 
27.186 
27.804 
27.422 
27.639 
27.665 
27.771 

27.887 
28.002 
28.117 
28.231 
28.844 
28.458 
28.570 

28 688 
28.795 
28.906 

29.017 
29.128 
29.238 
29.84S 
29.457 

29 666 
29.675 
29.788 
29.891 
29.996 

30.106 
80.212 
80.818 
80.424 
30.529 
30.686 
30.739 
80.844 
80948 
81.002 



i 
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VELOCITIES, IN FEET PER SECOND, DUE TO HEADS FROM 25 TO 

29.99 FEET. 



Bead. 





1 


25.0 


40.101 


40.109 


.1 


40.181 


40. J 89 


.2 


40.261 


40.269 


.8 


40.811 


40.819 


.4 


40.421 


40.428 


^5 


40.5(K) 


40.508 


fi 


40.579 


40.687 


.7 


40.659 


40.fc66 


.8 


40.738 


40.745 


.9 


40.816 


40.824 


260 


4\896 


40.903 


.1 


40.974 


40.9S2 


.2 


41.05-^ 


41.060 


«d 


41.180 


41.138 


.4 


41.2C.9 


41.216 


,6 


41.287 


41.294 


,6 


41.864 


41.872 


.7 


41.442 


41.450 


.8 


41.520 


41.527 


.9 


41.597 


416J5 


270 


41674 


41.6-2 


.1 


41.751 


41.759 


.2 


41.828 


41.886 


.8 


41.905 


41.918 


.4 


41.982 


41.989 


,5 


42.058 


42 066 


.6 


4218') 


42.142 


•7 


42.211 


42.219 


.8 


42.287 


43.295 


.9 


42.363 


42.371 


28.0 


42.439 


42 446 


.1 


4^2.515 


42 522 


.2 


42.590 


42.598 


.8 


42.666 


42.673 


.4 


42741 


42.748 


.5 


42.816 


42.824 


.6 


42 891 


42.899 


•7 


4-2.966 


42.974 


.8 


43.041 


43.048 


.9 


43.116 


43.128 


29.0 


43.190 


43.19S 


.1 


43.264 


43.V72 


.2 


48.339 


43 346 


.8 


43 413 


43.420 


.4 


43 487 


43 494 


.6 


43 581 


43.568 


.6 


48 63 > 


43 r42 


.7 


43.7n« 


43.716 


.8 


4.'?.782 


43.789 


.9 


48.855 


48.862 



40.117 
40.197 
40.277 
4oa5r 
40.436 
40.516 
40.595 
40.674 
40.753 
i0.tiZi 

40 911 
40.989 
41.088 

41 146 
41.224 
41.392 
4I.3'?0 
41.4;38 
41.535 
41.612 

41.690 
41.767 
41844 

41 9i.'0 
41.C97 

42 074 
42.1.-0 
42.22 

42 ,302 
42.378 

42.454 

43 530 
42G05 
42 681 
42.7.')6 
42 831 

42 906 
42.981 
43.056 
43130 

48 205 
43279 
43.314 
434'8 

43 .'>rt2 
43 576 
43^49 
43 7 <3 
43 796 
43.870 



3 



40.125 
40.**05 
40 285 
408d5 
40.444 
40 524 
4 >.6o8 
40.682 
40.761 
4U.840 

40 919 
40 997 
41070 
41.154 
41282 
41.3 
41.388 
41465 
41.543 
41.620 

41697 
41.774 
4l.8r)l 
41.928 
42.0f5 
4 -'.081 
42.158 
42.234 
42.310 
42.886 

42.462 
42 587 
42 613 
42 6 8 
42.7C4 
42 839 
42 914 

42 989 

43 063 
43138 

48 912 
43.287 
43 3'? I 
43.^35 
43.!^o9 

43.583 
43 r>.«>7 
48.730 
43 8«4 
43.877 



40.183 
40.218 
40.298 
40.378 
40 452 

40 582 
40.611 
40.690 
40.7< 9 
40.848 

40.9.7 
41.005 
41.083 
41.16^ 
41.240 
41.818 
41.i;9:) 
41.478 

41 5.51 
41.628 

41.7a5 
41.782 
41.809 
41936 
42.012 

42 089 
42.165 
42.241 
42.317 
42.893 

42.469 
42..545 
42.G20 
42 096 
42.771 
42.846 
42 9*1 

42 99r> 
43.071 
43.145 

43.220 

43 *. 94 
43.3«8 
43.443 
43 51- 
43. -90 
43 664 

4-^.738 
43 811 

43.881 



6 



40.141 
40.221 
40 801 
40.3s 1 
4(».46U 
40 540 

40 619 
40.698i 
40/, 77 
40.856 

40.934 
41.013 
41.f91 
41.1C9 
41.248 
41.b25 
41 403 
41.481 

41 558 
41.636 

41713 
41.790 
418C7 
4 .9!3 

42 020 
42 Oro 
42.173 
42 249 
42 825 
42401 

42477 
42..'3f)2 
42 r.28 
42 703 
42779 
42.8"4 

42 929 
43.'"04 
43.078 
43.153 

43 2^7 
43 ."02 
43 376, 
48 450, 
48..524 
43.598; 
48 671 
43.745 
43.8'8 
48.H92 



40149 
40.2-^9 
40 89 
4*.: 89 
4 '.468 

40 r.48 
40.627 
40.706 
4'»785 
40.864 

40.942 

41 021 
41.0f9 
41.177 
41256 

41 a' 8 
41.411 
41489 
41.566 
41.643 

41.720 
41797 
41.874 
41951 

42 018 
4-' 104 
42.180 

42 2.'^^7 
42.?88 
42.419 

42.484 
42.560 
42.f36 
42,711 
42.786 
42.861 
42.r86 
43011 
4? 086 
43.160 

48 2.15 

43 3*^9 
43 383 
43 4f^7 
43..P81 
43 roji 

43 679 
43 752 
43 826 
48899 



40.167 
40,287 
40.317 
40.897 
40.476 
40.556 
40.635 
40.714 
4('.798 
40 872 

40 950 
41.<29 
41.107 
41.185 
41.268 
41.841 
4 419 
41496 

41 574 
41.661 

41.728 
41.8^5 
41882 
419:9 
42.f'?5 
42.112 
42.188 

42 264 
4 .310 
42.416 

42.492 
42.^68 
42.r43 
42.7 8 
42.7r4 
42.8f9 
42.944 
4.{ Ol"^ 
43.^93 
48.1C8 

43248 

43 316 

43 a^i 

43 4- 5 
43r39 
43 612 
43.' 86 
48T60 
43.8.a3 
43 906 



8 



9 



40.166 
40.245, 
40 825 
40.406 
40.484 

40 648 
40.722 

40 801 
40.879 

I 
40.958 
41C86 
41115 
41.193 
41.27i 
41.349 
4 1. 4' 6 
41C04 
41.581 
41.659 

I 
41.786 
41813 
41.8fK) 

41 967 

42 043 
4'i^.ll9 
42 1!'6 
42.272 
42..?48 
42 421 

I 
42.499 
42 57-^ 
42.a51 
4 .726 
42.80' I 
42 876 

42 951 
48<26 
-8101 
48.176 

4a250 
43.3'.4 
433981 

43 4:21 
43 Me 
43 620 
43 r94, 
437671 
43 840 
48.9 4. 



40.178 
40.258 
40 888 
40 413 
40 492 
40.571 
40 661 
40.730 
40 809 
40.887 

40966 
41.044 
41.128 
41.201 
41279 
41.3.57 
41.434 
41.512 
41689 
41.666 

41.744 
41.821 
41897 
41974 
42 061 
42.127 
42 208 
42 279 
42.: 55 
42431 

42 507 
42.683 
42.658 
42 783 
42 8(19 
42 884 

42 959 

43 038 
-13108 
48.188 

48 2.57 
43 831 
43 4o6 
48.480 
43 5^8 
43 627 
'8 701 
43.774 
43 848 
48921 
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VELOCITIES, IN FEET PER SECOND, DUE TO HEADS FROM 80 TO 

3i.99 FEET. 



Head. 





1 


» 


3 


4 


5 


6 


7 


8 


9 


80.0 


43.928 


^3.936 


43.913 


43.950 


43.958 


48.966 


43.972 


43.980 


43.987 


43.994 


.1 


44.002 


41.i>t9 


44.016 


41.0:^4 


44.031 


44.088 


44.015 


44.053 


44.060 


44.067 


.2 


44.075 


44.082 


44.089 


44.097 


44.1(4 


41.111 


44.U8 


44.126 


44.133 


41.140 


.3 


44.148 


44.156 


44.162 


44.ie9 


44.177 


41.184 


44l9i 


44.198 


41.206 


44.21? 


.4 


44 220 


44.228 


44.236 


44.242 


44.219 


4t.257 


44.264 


41.271 


44.278 


44.286 


.5 


41.293 


44.330 


44.308 


44.316 


44.322 


44.329 


44.3;i7 


41.844 


41.361 


44.358 


.6 


44.36^ 


44.373 


41.880 


44.387 


44.396 


44.402 


44.409 


44.416 


44.423 


44.431 


.7 


44.488 


44.445 


44.4.32 


41.460 


44.467 


41.474 


44.481 


44.489 


44496 


44 603 


.8 


44.r.l0 


4L6 8 


44.625 


41..^82 


44.539 


44.546 


44.654 


44.561 


44.568 


44.675 


.9 


44 582 


44.590 


44.197 


44.604 


41.611 


44.619 


44.626 


44.633 


41.640 


44.647 


81.0 


44.655 


41.662 


44.669 


44.676 


44.f83 


41.691 


41.698 


44.706 


44.712 


44.71^ 


.1 


44.727 


44.T31 


44.741 


44 748 


44.756 


44.762 


41.770 


44.777 


44.-! 81 


44.791 


.2 


41.793 


4(.8U6 


44813 


44.820 


44.827 


41.831 


44.841 


44.849 


44.856 


44.863 


.3 


44.870 


44.877 


44.884 


44.892 


44.f99 


44.906 


44.918 


44.9.^0 


44.927 


44 935 


.4 


4i.912 


44.919 


44 956 


41.983 


44 970 


41.978 


41.936 


41.S92 


44.999 


45.006 


.6 


43.013 


4».020 


46.0^8 


45.036 


45.042 


45.049 


45.056 


45.063 


4>.070 


46.l>78 


.6 


45.085 


45.092 


4o.t99 


45.106 


43.113 


45.120 


45.127 


46.135 


45.142 


46.14d 


.7 


45.156 


43.168 


46.170 


45.177 


45184 


46.192 


45.199 


45.206 


46.213 


45.220 


.8 


45.227 


43.234 


46.241 


46.248 


46.256 


45.263 


45.270 


45.277 


46 284 


45.291 


.9 


45.298 


45.305 


46.312 


46.319 


45.827 


45.334 


46.341 


45.348 


43.855 


45.362 


82.0 


45.3f9 


4^.876 


46.383 


45.390 


45.397 


46.406 


45.412 


45.419 


45.426 


46 438 


.1 


43.440 


^ 45 447 


46.451 


45.461 


45.4G8 


45.475 


45.482 


45.489 


45.497 


46.604 


.2 


45.511 


45.618 


43 625 


45.532 


45.639 


46.516 


45.553 


45.660 


45.667 


45.674 


.8 


45.681 


45 588 


45.596 


45.602 


43.609 


46.617 


45.624 


45.631 


46.638 


46.645 


.4 


45.652 


45(559 


45.666 


4 ..673 


46.(80 


45.687 


45.694 


45.701 


46.708 


4.5.716 


.5 


45.722 


46.729 


46 788 


45.743 


43.760 


46.757 


46.7c4 


45.771 


45.778 


45.785 


.6 


45.792 


45.793 


45.807 


46.814 


43.821 


45.828 


45.836 


46.842 


45.849 


46 856 


.7 


45.863 


45.870 


4).877 


46.884 


45.891 


45.898 


45.905 


45.912 


46.919 


45.926 


.8 


45.933 


43.910 


46.917 


45.961 


46.961 


45.968 


45.975 


4->.982 


45.989 


46.996 


.9 


46.003 


46.010 


46.017 


46.024 


4i.03l 


46.038 


46.045 


46.052 


46.059 


46.066 


83.0 


46.078 


46 080 


46.0S6 


46.093 


46100 


48.107 


46,114 


46121 


46.128 


46.135 


.1 


46.142 


46.149 


46.156 


46.163 


46.170 


46.177 


46.184 


46.191 


46.193 


46.205 


.2 


46.212 


46.219 


46.226 


46.233 


46.240 


46.247 


46.254 


46.261 


46 268 


46.276 


.8 


46.281 


46.288 


46.296 


46.302 


46.309 


46816 


46.323 


46.830 


46.837 


46.344 


.4 


46.351 


46.358 


46.866 


46.372 


46.379 


46.386 


46.393 


46.899 


41406 


464ia 


.6 


46.4i0 


46.427 


46.434 


46.441 


46.44 < 


46.435 


46.462 


46.469 


46.476 


46.488 


.6 


46489 


46.493 


46.603 


46.610 


46.517 


46.524 


46.631 


46.538 


46.645 


46.562 


.7 


46.559 


46.666 


46.672 


46.679 


46.686 


46.693 


46.600 


46.607 


46.614 


46.621 


.8 


46.628 


46 635 


46 642 


46.648 


46.661 


46.662 


46.669 


46.676 


46.683 


46.690 


.9 


46.697 


46.708 


46.710 


46.717 


46.724 


46.731 


46.739 


46.745 


46.762 


46 769 


34.0 


46.766 


46 772 


46.779 


46.786 


46 793 


46.800 


46.807 


46.814 


46.820 


46.827 


.1 


46.8 i4 


4i.84l 


46.818 


46.865 


46.862 


46 868 


46.875 


46.882 


46.889 


46.896 


.2 


46.933 


46 910 


46.916 


46.928 


46.9.30 


46.9rr 


46.944 


46.961 


46.968 


46.964 


.3 


46.971 


46 978 


46.986 


46.992 


46.999 


47.0a3 


47 012 


47.019 


47.026 


47.038 


.4 


47.040 


47.047 


47.058 


47 060 


47.067 


47.074 


47 081 


47.0-8 


47.094 


47.101 


.6 


47.108 


47 115 


47.122 


47.128 


47.186 


47.142 


47.149 


47.166 


47.>68 


47.16» 


.6 


47.176 


47.188 


47.190 


47.197 


47.2('8 


47.210 


47.217 


47.224 


47.281 


47.288 


.7 


47.244 


47.261 


47.2.'>8 


47 263 


47.272 


47.278 


47 285 


47.292 


47.299 


47.806 


' .8 


• 47.812 


47.319 


47.826 


47.338 


47.340 


47.346 


47.353 


47.86) 


47.867 


47.874 


' .9 


47.380 


47.387 


47.394 


47.401 


47.407 


47.414 


47.421 


47.428 


47.436 


47.441 
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VELOCITIES, IN FEET PER SECOND, DUE TO HEADS FROM 35 TO^ 

39.99 FEET. 



Bead. 





1 


a 


3 


4 


ft 


6 


7 


S 


9 


S5.0 


47.448 


47.455 


47.462 


47.469 


47.475 


47.482 


47.489 


47.496 


47.602 


47.609- 


.1 


47.516 


47.523 


47.5:t9 


47.636 


47.548 


47.650 


47.656 


47.668 


47.570 


47.677 


.2 


47.584 


47.690 


47.697 


47.604 


47.611 


47.617 


47.624 


47.681 


47.638 


47.644 


.8 


47.061 


47.658 


47.666 


47.671 


47.678 


47.6a5 


47.692 


47.698 


47.705 47.712. 


.4 


44.719 


47.725 


47.732 


47.739 


47.745 


47.752 


47.759 


47.766 


47.772' 47.779 


.6 


47.7f6 


47.798 


47.799 


47.806 


47.813 47.8191 


47.826 


47.833 


47.840' 47.846 


.6 


47.858 


47.860 


47.867 


47.873 


47.880 


47.887 


47.893 


47.900 


47.907; 47.914 


.7 


47.920 


47 927 


47.931 


47.940 


47.947 


47 954 


47.961 


47.967 


47.974 47.981 


.8 


47.987 


47.994 


48.001 


48.007 


48.014 


48.C21 


48.028 


48.034 


48 041148.048- 


.9 


48.054 


48.061 


48.068 


48.074 


48.081 


48.088 


48.094 


48.101 


48.108 48.116 


86.0 


48.121 


48.128 


48.134 


48.141 


48.148 


48.166 


48.161 


48.168 


48.176 48.181 


.1 


48.188 


48.195 


48.201 


48.208 


48.216 


48.221 


48.228 


48.286 


48.241' 48.24a 


.2 


48.255 


4S.261 


48.268 


48.276 


48.281 


48.288 


48.295 


48.302 


48.308 48.816 


.8 


48.321 


48.328 


48.835 


48.841 


48.348 


48.855 


48.361 


48.368 


48.375 48.381 


.4 


48.888 


48.304 


48.401 


48.408 


48.414 


48.421 


48.428 


48 434 


48 441 48.448. 


.6 


48 454 


48.461 


48.467 


48.474 


48.481 


48.487 


48.494 


48.601 


48.507 48.514 


.6 


48.521 


48.627 


48.634 


48.640 


48.647 


48.654 


48.660 


48.667 


48.574 48.680 


.7 


48.587 


48.593 


48.600 


48.607 


48.613 


48.620 


48.626 


48.688 


48.640 48.646^ 


.8 


48.653 


48.660 


48.666 


48.678 


48.679 


48.686 


48.693 


48.699 


48.706 48712 


.9 


.48.719 


48.726 


48.732 


48.739 


48.745 


48.762 


48.759 


48.765 


48.771 48.77» 


87.0 


48.786 


48.792 


48.7P8 


48 805 


48.811 


48.818 


48.824 


48.831 


48.888 48.844 


.1 


48.851 


48.857 


48.864 


48.871 


48.877 


48.884 


48.890 


48.^97 


48.903; 48.910 


.2 


48.917 


48.923 


48.93J 


48.936 


48 918 


48.950 


48.966 


48.963 


48.969 48.976 


.3 


48.982 


48.989 


48.993 


49 002 


49.009 


49.016 


49.022 


49.0i8 


49.086 49.041 


.4 


49.048 


49.056 


49.061 


49.068 


49.074 


49.081 


49.087 


49.094 


49.100 49.107 


.6 


49.113 


49.120 


49.127 


49.133 


49.140 


49.146 


49158 


49.169 


49.166! 49.172' 


.6 


49.179 


49.185 


49.192 


49.199 


49.206 


49.212 


49.218 


49.226 


49 231 


49.28a 


.7 


49.244 


49.251 


49.257 


49.264 


49.270 


49.277 


49.283 


49.290 


49.i97 


49303 


.8 


49.310 


49.316 


49.323 


49.329 


49 336 


49.842 


49.349 


49.366 


49 862 


49.868' 


.9 


49.375 


49.381 


49.888 


49.891 


49.401 


49.407 


49 414 


49.420 


49.427 


49.43a 


88.0 


49.440 


49.446 


49.463 


49.459 


49.466 


49.472 


49479 


49.485 


49.492* 49.496 


.1 


49.505 


49.511 


49 518 


49.624 


49 631 


49.637 


49.f44 


49.560 


49.567, 49 663 


.2 


49.570 


49.676 


49 583 


49 589 


49.696 


49.602 


49.609 


49.615 


49.622' 49.628 


.8 


49.635 


49.641 


49.648 


49.654 


49.661 


49.667 


49.673 


49.680 


49.686 49.698 


.4 


49.C99 


49.706 


49 712 


49.719 


49.726 


49 732 


49.738 


49.746 


49 761 49.768 


.6 


49.764 


49.770 


49.777 


^9.783 


49.790 


49.796 


49.808 


49 809 


49.816 49.822 


.6 


49 829 


49.836 


49.842 


49.848 


49.854 


49 861 


49 867 


49.874 


49.880 49.887 


.7 


49.893 


49.900 


49.906 


49 912 


49.919 


49.925 


49.982 


49.988 


49.946 49.961 


.8 


49.958 


49.964 


49 970 


49.977 


49.983 


49.990 


49.996 


60.008 


60.C09 50.015 


.9 


50.022 


60.028 


50.036 


60.041 


e0.048 


50064 


60.060 


60.067 


60.078 60.080 


89.0 


50.086 


50.093 


60.099 


60.106 


60.112 


60.118 


60.126 


60.131 


60.187 60.144 


.1 


50.160 


60.157 


60163 


60.170 


50.176 


60.182 


60.189 


60195 


60.202 60.208 


.2 


50.214 


60.221 


60.227 


60.284 


60.240 


60.246 


C0.268 


60.259 


60 266 60.272^ 


.8 


60.278 


60.286 


60.291 


60.298 


60.304 


60.310 


60.317 


6(\823 


60.880 60.886 


.4 


60.342 


60.849 


60.866 


60.362 


60 368 


60.374 


60.381 


60.387 


60 898 60.400 


.6 


50.406 


60.418 


60.419 


60.426 


60.432 


60438 


60 444 


60.461 


60.457: 60.464 


.6 


50470 


60.476 


60.488 


50.489 


60.496 


50.602 


60.608 


60.615 


60.621 160.627 


.7 


60584 


60.640 


60.546 


60.668 


50 669 


eO.666 


60.672 


60.678 


60.686; 60.691 


.8 


00.697 


60.604 


60.610 


60.616 


60.623 


fiO.629 


60.686 


60.642 


60.648 


£0.664 


.9 


60.661 


60.667 


50.673 


60.680 


60.686 


60.692 


60.699 


60.706 


60.712 


60.7ia 



HYDRAULIC PRESS. 



168 



iDia. 


Circ'm 


Area in 


Dia. 


Circ'm 


Area 


Dia. 


Circ'm 


Ari a in 


in 


in 


square 


in 


in 


innq. 


in 


in 


Square 
flet. 


Inch. 


ft. in. 
.196 


inch. 


inch. 


ft. in. 


inch. 
19.6H5 


inch. 
lOJ 


ft. in. 
2 lOJ 


"a" 


.0030 


6 


1 31 


.6499 


i 


.302 


.0122 


51 


1 4i 


20.629 


11 


2 lOh 


6652 


A 


.659 


.0276 


H 


1 4i 


21.647 


lU 


2 105 


.6804 


1 


.785 


.0490 


5| 


It ^l 


22.690 


114 


2 114 


.6958 


■ft 


.981 


.0767 


5^ 


1 6| 


23.758 


111 


2 111 


.7143 


1 


1.178 


.1104 


. 6| 


1 5| 


24.860 


lU 


3 0* 


.7270 


A 


1.374 


.1503 


1 6 


25.967 


111 


3 Oi 


.7429 


i 


1.670 


.1963 


H 


1 6J 
1 6} 


27.108 


111 


3 05 


.7590 


A 


1.767 


.2485 


6 


28.274 


111 


3 14 


.llh'i 


i 


1.963 


.3068 


H 


1 74 


29.464 


12 


3 1| 


.7916 


¥ 


2.159 


.3712 


6i 


I 71 


30.679 


12* 


3 2 


.8082 


2.35G 


.4417 


4 


I 8 


31.919 


124 


3 2i 


.8250 


1* 


2.652 


.5185 


1 81 


33.183 


121 


3 2J 


.8419 


? 


2.748 


.6013 


6| 


1 8| 


34.471 


12i 


3 34 


.8590 


H 


2.945 


.6903 


1 94 


35.784 


121 


3 3| 


.8762 


1 


H 


.7854 


H 


1 H 


37. 122 


121 


3 4 


.8937 


il 


3i 


.9940 


7 


1 10 


38.484 


m 


3 41 


.9113 


U 


31 


1.227 


?i 


1 10| 


39.871 


13 


3 41 


.9291 


If 


H 


1.484 


1 10| 


41.282 


131 


3 54 


.9470 


li 


4| 


1.767 


;i 


1 lU 


42.718 


134 


3 5| 


.9642 


It 


6* 


2.073 


1 nh 


44.178 


131 


3 6 


.9835 


il 


5i 


2.405 


7| 


1 n\ 


45.663 


13i 


3 6} 


1.0019 


ij 


65 


2.761 


n 


2 Qi 


47.173 


13| 


3 61 


1.0206 


2 


H 


3.141 


n 


2 0| 


48.707 


131 


3 75 


1.0294 


21 


61 


3.546 


8 


2 u 


50.265 


131 


3 7i 


1.0584 


2i 


7 


3.976 


li 


2 li 


61.848 


14 


3 75 


1.0775 


21 
2i 


71 


4.430 


2 U 


63.466 


141 


3 81 


1.0968 


71 


4.908 


8j 


2 24 


65.088 


144 


3 81 


1.1193 


21 


H 


5.412 


2 2| 


66.745 


141 


3 95 


1.1360 


21 


Si 


5.939 


81- 


2 3 


58.426 


14i 


3 9i 


1.1569 


2J 


9 


6.491 


81 


2 8| 


60.132 


HI 


3 91 


1.1749 


3 


91 


7.068 


8i 


2 3i 


61.862 


141 


3 104 


1.1961 


3^ 


91 


7.669 


9 


2 44 


63.617 


145 


3 101 


1.2164 


8i 


• lOi 


8.295 


9| 


2 4| 


66.396 


15 


3 HI 1.2370 


3} 


101 


8.946 


9i 


2 5 


67.200 


151 


3 Hi 


1.2577 


d| 


11 


9.621 


9| 


2 61 


69.029 


154 


3 115 


1.2785 


31 


111 


10.320 


H 


2 51 


70.882 


151 


4 04 


1.2996 


31 


111 


11.044 


91 


2 64 


72.759 


15i 


4 01 


1.3208 


H 


12J 


11.793 


9| 


2 6| 


74.662 


151 


4 1 


1.3422 


4^ 


1 Oh 


12.566 


9J 


2 7 


76.588 


15| 


4 li 


1.3637 


4^ 


1 0| 


13.364 


10 


2 71 


78.540 


155 


4 15 


1.3855 


4i 


1 U 


14.186 


lOj 


2 71 


80.515 


16 


4 24 


1.4074 


41 


1 11 


15.033 


104 


2 8J 


82.516 


16* 


4 2| 


1.4295 


H 


1 2h 


15.904 


108 


2- 8i 


84.540 


164 


4 3 


1.4517 


41 


1 2i 


16.800 


lOjl 


2 85 


86.590 


161 


4 31 


1.4741 


41 


1 2J 


17.720 


101 


2 9| 


88.664 


164 


4 31 


1.4967 


43t 


1 3i 


18.665 


101 


2 9^ 


90.762 


161 


4 44 


1.5195 
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Diam. 


Circ'mi 


Ar<a in 


Diam. 


Circ'm 


Area in 


Diam. | Circ'm. i Area in 


in 




in 


Square 


ill 


in 


Siuare 


in 


in 


Square 
feet. 


iach. 


ft. 


in. 


feet. 


ft. in. 


ft. in. 
3 11 


feet. 


ft. in. 


ft. in. 


161 


l.«424 


221 


2.7980 


2 9 


8 71 


5.9398 


16i 




5 


1.5655 


221 


5 114 


2.8054 


2 94 


8 84 


6.0291 


17 




61 


1.5888 


22* 


5 11* 


2.8658 


2 94 


8 94 


6.1201 


17* 




6i 


1.6123 


23 


6 Oi 


2 8903 


2 91 


8 10 


6.2129 


m. 




61 


1.6359 


. 23S 


6 08 


2.9100 


2 10 


8 103 


€.3051 


^ 171 




6i 


1.6597 


23i 


^ 1 


12.9518 


2 104 


8 114 


6.3981 


17i 




6* 


1.6836 


23J 


6 li 


2.9937 


2 104 


9 Oi 


6.4911 


171 




71 


1.7078 


2SS 


6 11 


3.0129 


2 101 


9 1* 


6.5863 


17i 




71 


1.7321 


23| 


6 2i 


3.0261 


2 11 


9 1* 


6.6815 




8J 


1.7566 


23| 


6 28 


3.0722 


2 114 


9 21 


6.7772 


18 




8i 


1.7812 


23* 


6 3 


3.1081 


2 114 


9 '34 


6.8738 


18* 




8* 


1.8061 


2 


6 3} 


3.1418 


2 11} 


9 44 


6.9701 


isi 




9i 


1.8311 


2 0\ 


6 4* 


3 2075 


3 


9 6 


7.0688 


18l 




91 


1.8562 


2 Oi 


6 4* 


3.2731 


3 04 


9 5* 


7.1671 


18^ 


4 10* 


1.8616 


2 0^ 


6 51 


3.3410 


3 04 


9 6| 


7.2664 


181 


4 lOi 


1.9071 


2 1 


6 64 


3.4081 


3 01 


9 74 


7.3662 


18l 




10* 


1.9328 


2 H 


6 74 


3.4775 


3 1 


9 84 


7.4661 


18* 




Hi 


1.9586 


2 14 


6 8* 


3.5468 


3 14 


9 9 


7.6671 


19 




ni 


1.9847 


2 V\ 


6 8* 


3.6101 


3 14 


9 9* 


7.6691 


19* 


5 





1.9941 


2 2 


6 91 


3.6870 


3 11 


9 104 


7.7791 


^ 1^ o 

19i 


5 


04 


2.0871 


2 2| 


6 104 


3.7583 


3 2 


9 111 


7.8681 


19} 


5 


0* 


2.0637 


2 24 


6 111 


3.8302 


3 24 


10 0* 


7.9791 


A «r o 

19i 


5 




2.0904 


2 2| 


7 


3.9042 


3 24 


10 0* 


8.0846 


* ** ^ 

191 


5 


18 


2.1172 


2 3 


7 0] 


8.9761 


3 21 


10 11 


8.1891 


191 


5 


2 


2.1443 


2 3| 


7 11 


4.0500 


3 a 


10 24 


8.2951 


' 19i 


o 


-2} 


2.1716 


2 3.i 


7 21 


4.1241 


3. 34 


10 . 34 


8.402e 


A V 9 

20 




2* 


2.1990 


2 35 


7 3* 


4.2000 


3 34 


10 4 


8.5091 


20* 




o 

H 


2.2265 


2 4 


7 3* 


4.2760 


3 31 


10 4* 


8.6171 


20i 





3| 


2.2543 


2 44 


7 41 


4.3521 


3 4 


10 61 


8.7269 


20i 


a0 




4 


2.2822 


2 44 


7 54 


4.4302 


3 44 


10 61 


8.8361 


20^ 


a0 


^ 


2.3103 


2 4| 


7 64 


4.6083 


3 44 


10 74 


8.9462 


201 


m0 




H 


2.3386 


2 5 


7 7 


4 5861 


3 41 


10 8 


9.0561 


20i 




5* 


2.3670 


2 6i 


7 7* 


4.6665 


3 6 


10 8| 


9.1686 


20 1 


■^ 

9 


54 


2.3956 


2 64 


7 81 


4.7467 


3 64 


10 94 


9.2112 


21 




5* 


2.4244 


2 5| 


7 94 


4.8274 


3 64 


10 lOl 


9.3936 


S0 fc 

21* 


O 


61 


2.4533 


2 6 


7 104 


4.9081 


3 61 


10 11* 


9.6061 


2li 
2li 


9 


6| 


2.4824 


2 6| 


7 11 


4.9901 


3 6 


11 11* 


9.6212 


o 


7* 


2.5117 


2 64 


7 Hi 


6.0731 


3 64 


11 01 


9.7364 


2li 




74 


2.5412 


2 6| 


8 01 


6.1573 


3 64 


11 14 


9.8518 


2I| 


5 


7* 


2.5708 


2 7 


8 If 


5.2278 


3 61 


11 24 


9.9671 


211 


5 


o 

8i 


2.6007 


2 7| 


8 2* 


5.3264 


3 7 


11 3 


10.084 


2Ii 


■^ 

i 


81 


2.6306 


2 74 


8 2* 


5.4112 


3 74 


11 3* 


10.202 


22 




9* 


2.6608 


2 71 


8 31 


5.4982 


3 74 


11 41 


10.320 


22* 





94 


2.6691 


2 8 


8 44 


6.5850 


3 71 


11 6i 


10.439 


22i 


3 


9* 


2.7016 


2 84 


8 61 


5.6729 


3 8 


U 61 


10.559 


221 





lOi 


2.7224 


2 84 


8 6* 


5.7601 


3 84 


11 7 


10.679 


221^ 





lOj' 2.7632 


2 81 


8 6* 


5.8491 


3 8i 


11 71 


10.800 
















■i 




\ 



170 



^am. 


Circ*m I Area iu 


Diam. 


Ciic*in. 


Area in 


Diam | Circ'm 


Area in 


in 


in 


Square 




ill 


] 


in 


Square 




in ( in 


Square 


ft. in. 


ft. in. 


feet. 


ft 


.in. 


ft 


in. 


feet. 


H 


;. in. 


1 ft. in. 


fuet. 


3 81 


11 Sh 


10.922 




H 


14 


94 


17.411 


5 


8lll7 101 


26.406 


3 9 


U 91 


11.044 




81 


14 


101 


17.665 


6 


8^ 


17 lU 


25.692 


3 H 


11 m 


11.167 




9 


14 


11 


17.720 


6 


81 


17 Hi 


26.779 


3 9^ 


11 10| 


11.291 




n 


14 Hi 


17.876 


6 


9 


18 01 


26 964 


3 91 


11 11} 


11.415 




n 


15 


01 


18.033 


5 


91 


18 14 


26.155 


3 10 


12 Oil 


11.534 




91 


15 


11 


18.189 


6 


94 


18 21 


26.344 


3 lOi 


12 11 


11.666 




10 


15 


2k 


18.347 


6 


91 


18 3J 


26.634 


3 10^ 


12 2 


11.793 




101 


15 


21 


18.606 


6 


10 


18 3i 


26.726 


3 101 


12 25 


11.920 


4 lOi 


16 


31 


18.665 


6 


101 


18 41 


26.916 


3 11 


12 31 


12.048 


4 101 


16 


4i 


18.826 


6 104 


18 64 


27.108 


3 lU 


12 41. 


12.176 




11 


15 


H 


18.985 


5 


101 


18 61 


27.301 


3 lU 


12 51 


12.305 


4 111 


16 


6i 


19.147 


6 


11 


18 7 


27.494 


3 111 


12 6 


12.435 


4 Hi 


16 


6i 


19.309 


5 


111 


18 71 


27.688 


4 


12 61 


12.566 


4 111 


16 


71 


19.471 


5 


114 


18 81 


27.883 


4 01 


12 7i 


12.697 


6 





16 


Sh 


19.635 


5 HI 


18 9i 


28.078 


4 Oh 


12 81 


12.829 


5 


01 


15 


91 


19.798 


6 





18 lOj 


28.274 


4 01 


12 94 


12.962 


6 


Oh 


15 


10 


19.963 


6 


01 


18 lOi 


28.471 


4 1 


12 95 


13.095 


5 


05 


16 


101 


20.128 


6 


04 


18 HI 


28.663 


4 li 


12 101 


13.229 


5 


1 


16 


111 


20.294 


6 


01 


19 04 


28.866 


4 li 


12 llh 


13.364 


6 


11 


16 


01 


20.461 


G 


1 


19 11 


^9.065 


4 15 


13 Oi 


13.499 


6 


li 


16 


U 


20.629 


6 


U 


19 24 


29.264 


4 2 


13 1 


13.635 


6 


11 


16 


li 


20.797 


6 


14 


19 2i 


29.466 


4 2i 


13 n 


13.772 


5 


2 


16 


21 


20.965 


6 


11 


19 31 


29.665 


4 2h 


13 21 


13.909 


6 


2i 


16 


Sh 


21.135 


6 


2 


19 44 


29.867 


4 21 


13 31 


14.047 


5 


2h 


16 


41 


21.305 


6 


21 


19 61 


30.069 


4 3 


13 41 


14.186 


6 


21 


16 


5* 


21.476 


6 


24 


19 6 


30*271 


4 Sk 


]3 5 


14.325 


5 


3 16 


6i 


21.647 


6 


21 


19 61 


30.476 


4 Sh 


13 5| 


14.465 


6 




16 


Ok 


21.819 


6 


3 


19 71 


30.679 


4 31 


13 eh 


14.606 


6 


16 


74 


21.992 


6 


31 


19 81 


30.884 


4 4 


13 71 


14.748 


5 


31 


16 


81 


22.166 


6 


34 


19 94 


31.090 


4 41 


13 8| 


14.890 


6 


4 


16 


9 


22.383 


6 


31 


19 9i 


31.296 


4 4il 


13 8| 


16.033 


5 


H 


16 


9i 


22.516 


6 


4 


19 lOl 


31 603 


4 41 


13 9i 


16.176 


6 


4i 


16 101 


22.621 


6 


41 


19 114 


31.710 


4 5 


13 lOi 


15.320 


5 


41 


16 Hi 


22.866 


6 


44 


20 01 


31.919 


4 61 
4 5| 


13 lU 


15.465 


6 


5 


17 


Oh 


23.043 


6 


41 


20 U 


32.114 


14 


16611 


6 


61 


17 


Oi 


23.221 


6 


5 


20 li 


32.337 


4 6i 


14 Oi 


15.767 


5 


5i 


17 


11 


23.330 


6 


61 


20 21 


32.648 


4 6 


14 1| 


15.904 


5 


61 


17 


24 


23.678 


6 


64 


20 34 


82.759 


4 61 

4 el 


14 21 


16.051 


6 


6 


17 


31 


23.758 


6 


65 


20 41 


32.970 


14 3; 


16.200 


5 


ek 


17 


4i 


23.938 


6 


6 


20 6 


38. 183 


4 61 


14 4 


16.349 


5 


Oh 


17 


4i 


24.119 


6 


61 


20 6| 


33.396 


4 7 


14 4| 


16.498 


6 


61 


17 


61 


24.301 


6 


64 


20 64 


33.619 


4 7| 
4 7i 


14 5^ 


16.649 


5 


7 


17 


64 


24.483 


6 


6120 71 


33.824 


14 61 


16.800 


6 


71 


17 


71 


24.666 


6 


7 


20 84 


34.039 


4 71 


14 7| 


16.951 


6 


n 


17 


8 


24.850 


6 


7120 8i 


34.266 


4 8 


14 7i 


17.104 


5 


71 


17 


81 


25.034 


6 


74 20 91 


34.471 


4 81 14 8il 


17.257 


5 


8 


17 


n 


25.220 


6 


71 20 104 


34 688 
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Diam. 


Circ'm 


Area in 


Diam. 


Ci.c'm. 


Area in 


Diam 


Circ'm 


Area in 


in 


in 


saaare 
leet. 


ill 


m 


square 


in 


in 


saaare 
feet. 


ft. in. 


ft. in. 


ft. in. 


ft. in. 


feet. 


ft. in. 


ft. 


in. 


6 8 


20 Hi 


a4.906 


9 7 


30. li 


72.1309 


13 6 


42 


45 


143.1391 


6 8| 


21 04 


35.125 


8 30 4| 


73.3910 


7 


42 


8 


144.9111 


6 Si 


21 OJ 


35.344 


9 30 7i 


74.6620 


8 


42 


114 


146.6949 


C 81 


21 11 


35.564 


10 


30 HI 


75.9433 


9 


43 


2i 


148.4896 


6 9 


21 2| 


35.784 


11 


31 1| 


77.2362 


10 


43 


5k 


150.2943 


6 9.i 


21 3i 


36.006 


10 


31 5 


78.5400 


11 


43 


81 


152.1109 


6 9i 


21 4 


36.227 


1 


31 84 


79.8540 


14 


43 HI 


163.9384 


6 9} 


21 4| 


36.450 


2 


31 Hi 


81.1795 


1 


44 


n 


166.7758 


G 10 


21 5h 


36.674 


3 


32 2| 


82.5160 


2 


44 


6 


167.6250 


G lOi 


21 6i 


36.897 


4 


32 5i 


83.8627 


3 


44 


94 


169.4862 


G 10^ 


21 7k 


37.122 


5 


32 8| 


85.200 


4 


46 


Oi 


161.3563 


G 101 


21 7J 


37.347 


6 


32 HI 


86.588 


6 


45 


Sh 


163.2373 


G 11 


21 Si 


37.573 


7 


33 25 


87.9697 


6 


45 


61 


165.1303 


G Hi 


21 9i 


37.700 


8 


33 64 


89.3(J08 


7 


45 


91 


167.0331 


6 Hi 


21 lOi 


38.027 


9 


33 9i 


90.7627 


8 


46 


05 


168.9479 


6 HI 


21 H 


38.256 


10 


34 Of 


92.1749 


9 


46 


4 


170.8736 


7 


21 115 


38.4846 


H 


34 3i 


93.6986 


10 


46 


74 


172.8091 


1 


22 3 


.J9.4060 


11 


34 6| 


95.0334 


11 


46 


IH 


174.7665 


2 


22 6S 


40 3388, 


1 


34 91 


96.4783 


15 


47 


n 


176.7160 


3 


22 9i 


41.2825, 


2 


35 05 


97.9347 


1 


47 


41 


178.6832 


4 


23 01 


42 2367, 


3 


35 44 


99.4021 


2 


47 


71 


180.6634 


5 


23 24 


43.2022 


4 


35 7i 


100.8797 


3 


47 


105 


182.6545 


G 


23 61 


44.1787 


5 


35 10| 


102.3689 


4 


48 


2h 


184.6655 


7 


23 11 


45. 1656 


6 


36 li 


103.8691 


5 


48 


64 


186.6684 


8 


24 U 


46.1638 


7 


36 4i 


105.3794 


6 


48 


8i 


188.6923 


9 


24 44 


47.1730 


8 


36 71 


106.9013 


7 


48 Hi 


190.7260 


10 


24 7i 


48.1926 


9 


36 105 


108.4342 


8 


49 


21 


192.7716 


H 


24 101 


49.2236 


10 


37 21 


109.9772 


9 


49 


61 


194.8282 


8 


25 U 


50 2656 


11 


37 5i 


111.6319 


10 


49 


85 


196.8946 


1 


25 4| 


51.3178 


12 


37 81 


113.0976 


11 


50 





198.9730 


2 


25 7i 


52.3816 


1 


37 Hi 


114.6732 


16 


50 


34 


201.0624 


3 


25 11 


53 4562 


2 


38 2| 


116.2607 


1 


60 


6i 


203.1616 


4 


26 24 


54 5412 


3 


38 51 


117 8690 


2 


50 


91 


206.2726 


6 


26 6i 


55,6377 


4 


38 85 


119.4674 


3 


61 


Oi 


207.3946 


6 


26 81 


56.7451 


639 


121.0876 


4 


51 


31 


209.6264 


7 


26 lU 


57.8628 


639 3i 


122 7187 


6 


51 


6i 


211.6703 


8 


27 21 


58.9920 


7139 6i 


124.3698 


6 


51 


10 


213.8251 


9 


27 51 


60.1321 


8 


39 9h 


126.0127 


7 


62 


14 


215.9896 


10 


27 9 


61.2826 


9 


40 0| 


127.6765 


8 


52 


H 


218.1662 


H 


28 04 


62.4445 


10 


40 31 


129 3504 


9 


52 


71 


220.3537 


9 


28 3i 


63.6174 


11 


40 65 


131.0360 


10 


62 lOi 


222.6610 


1 


28 6§ 


64.8006 


13 


40 10 


132.7326 


11 


53 


11 


224.7603 


2 


28 9i 


65.9951 


1 


41 14 


134 4391 


17 63 


45 


226.9806 


3 


^9 0| 


67.2007 


2 


41 41 


136.1574 


153 


8 


229.2105 


4 


39 31 


68.4166 


3 


41 7i' 137 8867 


2,53 


114 


231.4625 


5 


i9 7 


69 6440 


4 


41 lo| 139.6260 


3 54 


24 


233.7055 


G 


i9 104 


70.8823 


5 


42 l| 


141.3771 


* 


54 


61 


236.9682 
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BAG BNOINB. 



Molyoke Machine Co., Holyoke, Mesa. 



niiuttUJoiit nFimpflrtant mactilnci rfonlred in Tirioiu minn^tarp* are glTta 
Id ibis work for conTenieDcc of r-len-DCf. The bv*t •■{ rhc Vina IiaienMrn 



GOULD BEATING ENGINE, 



HOLYOKE HAGHIHE CO., HOLTOKE, MKU. 



I engliie I) nev, H deKrIpllon 
foffi be'"-'--'— "■- ■-- 



bed piuteii einuU^ 3 feet inside ■nd !> Rvi uumue uituuricr, umucu lu imiuiu 
like K lower mill etoae, Ibe BealEr btliiff affixed lo the lenicil shuft and roIallDK 
lilie ■ buhr itnne, aad i> driven by belt and pullej on tlie vertical nbafl »bicE 
paaaei up through % iluffl' g box la tho bollam of Ibe curb. They are made aa 
u to be driven either above or belixr the engine, ai maj- be deeired. There is A 
valve of Ibe u^unl size for discbacgiag tho pulp wben readTfonbe macbine. 

A cbarge for Ihs enfiiiie Is abonl W barreli, which £i prepared for paper 
nachlneeln about three bouis, Ibe centHfupal force koepr the pulp IncoDIIanc 

>d, Tovrer A Co., at their paper mill 
_ . _ .... ipor. Jute atoclf. Kci:ular speed of 
Beater 103 revolution) per mlnule. buC during a Icit trial of Ji bouri it varied 
fi-omioeiolia, requiring &5.3« bone-power ass maiimum; during tbe trial 2400 
poDoda of excellent paper was weighed off, while there wai a pcreeptible gain of 
pulp in atuff.cheBt M the close. Four iO-incb engines of the ordlnarr sif ie in 
the aaoM mill bearing the >am< atoek were than tested ; with rolta hard down it 
reqnired lOl.H horw-gowar t > drive them to a epeed of IM reTolutlooa per mln- 
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Whitingr Paper Co., Holyoke, Mass., No. 1 Mill. 



4-Ton Mill, Fine' Writing Paper. 

Following machinery driven by the main wheel, which by test gave 180 h. p. 

2 1250 pound washing eu:. ines. 

2 1200 pound bcatin<; en^iiuc s. 

2 SOO pound beating engines. 

2 6 inch Little6eld pumps. 

1 Andrews pump. 

4 rag dusters ; 2 ra<? boilers. 

1 Elevator, 2 boiler pumps,- 1 eng^ine lathe, 1 sheet calendar, 5 rolls, 1 small 
pump, 1 circular saw for box work. 
Finishing room Avhcel, 42.92 h. p. 

Drives 6 5-roll calendars, 2 platers. 5 ruling machines, 3 trimming presses, 1 
elevator, 1 gp*ind stone. 

These two wheels do the work named, but 20 horse-power additional would be 
acceptable on large wheel. 

Test by Emerson's Dynamometer, 

Experiment upon an 800 pound paper engine for rag stork ; furnished with 800 
pounds of bleached stock m the evening of March 26, 1S75, at the Uousasonic 
Mill of the Smith Paper Co. at Lee, Mass. The roll was 46 inches long by 40 
inches diameter Experiment began with a stock nearly finished, which was 
finished, discharged and the enf^ne replenished. 





Time. 


Rev. of 


Rev. of 


Weight.- 


Horse 






p. M. 


Roll. 


Dynamom. 


Power, 






7.00 


118 


284 


165 


14.20 






7.30 


124 


294 


131 


13.45 






7.36 


124 


800 


135 


12 27 






7.45 


124 


288 


131 


13.17 






*9 30 


124 


274 


184 


15.2T 






*9.35 


124 


274 


184 


15.27 




*Roll< 


iown and 6to< 


ck half finish 


cd. 









Experiments upon a 300 pound paper engine for rag stock : furnished with 300' 
pounds of bleached stock on the afternoon of March 24, 1875. at the Housatonio 
Mill of the Smith Puper Co., at Lee, Mass. The Roll was 33 inches long by 28 
inch( s in diameter. 





Time. 


Rev of 


Rev. of 


Weight. 


Horse 






p. M. 


Roll. 


Dynamom'r 


Power. 






3.50 


131 


230 


28 


1.95 






400 


131 


2 


63 


4.39 






4.15 


143 


250 


67 


4.31 






420 


149 


260 


73 


6.75 






4 25 


152 


270 


49 


4 00 






5.00 


168 


291 


93 


8.20 






6.05 


150 


264 


93 


7.44 






6.30 


146 


257 


94 


7.31 






6.00 


143 


250 


95 


7.19 






6.45 


149 


260 


104 


8 19 






7.00 


144 


252 


107 


8.17 






7.30 


149 


260 


118 


9.26 






8.00 


126 


220 


119 


7.93 






8.15 


133 


233 


122 . 


8.61 


- 


1 


8.30 


146 


255 


119 


9.19 




1 


8.45 


149 


261 


105 


8.30 






9.00 


123 


215 


105 


6.84 






9.15 


137 


240 


104 


7.56 






9.30 


150 


264 


101 


8.03 






9.45 


137 


240 


101 


7.34 






10.15 


132 


232 


100 


7.03 






10.30 


137 


240 


26 


1.89 


1 



"WEB SUPER CALENDER. 



Holyokft Machine Co., Holyoke, Mass. 
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Bxperiment on a 62 inch paper machine making news print from rag stocic. 
This machine is ordinarily run with a speed that will deliver the paper at the 
rate of 90 feet per minute ; but during these experiments it delivered 61 teet per 
~lnnte the first experiment and 78 feet per minute during the last experiment. 



? 



Time, 
p. M. 


Rev. of 
Dynamom'r 


Weight. 


Horse 
Power. 


H. Power of 

Pump. 


Tabic 
Power. 


400 
4.20 


200 
230 


101 
104 


6.12 
7.26 


2.78 
3.56 


8.90 
10.82 



The main line of shafting makes 108 revolutions per minute when 90 feet of 
paper is delivered per miuuie. Fiomthis main line the agitator, the water 
pump nnd the shaker at the head of the machine are driv n a d are not included 
in the test by the Dynamometer ; but are calculated from the speed and width of 
belts by which they are driven, on the theory that a belt 1 inch wide, running 
1000 feet per minute is a horse^powcr. 



The Shaker belt moves 600 feet and is 3 inches wide, equals 1800, 
The Agitator belt moves 329 feot and is 4 inches wide, eaua s 1316, 
The Pump belt moves 251 feet and ii 6 inches wide, equals 1506, 



H.P. 

1.80 
1.32 
1.50 

4.12 



But as this pump is single acting, only acting durin? oncohalf of the rcvolu* 
tion, I have called it two-thirds of thj apparent power equals 1.00 h. p., and 
deduct >^ a h. p., then leavin;; 4.12 h. p. for thj papt-r moving 90 feet per minute. 
Thi-n by simple proportion of 78 to 90 with paper moving 78 feet p r minute 
equals 3,56 horse power ; with paper moving 61 feet per minute equals 2.78 horse 
power. 

[Copy.] L. M. Wbiqht, C B. 



Holyoke Paper Co., Holyoke. Mass. 



Four 500 pound beating engines took the who'e power of a wheel that by test 

Skve 80 horse-power ; even with that power care was required in furnishing or 
ey would not run to speed ; after ruaniu>f so for some years, the Heaters were 
altered or put into better condition, so that the wheel now gives a large surplus 
of power. Mill makes fine writing paper. 



Test of a 72-Inch Wheel and Machinery, Fitch- 

burgr> Mass. 



These experiments were made to determine power required to drive Beating, 
engines, 36-ii,ch rolls, paper and rag stock. Before testing the wheel, the speed 
of the main shaft was taken under difierent conditions to asceitain the power 
required to drive* machin. ry at the following speeds, the water in the pond being 
one inch below the lowest part of the crest cf the dam. 

1st Trial.— 3 Engines beating, 1 washing, and all machinery attached. Speed 
-of main shaft, 120 revolutions per minute. 49 h.'p. 

2i> Trial.— 2 Engines beating, 2 washing, all machinery attached. Speed of 
main shaft, 146 revolutions per minute, 49 h. p. 

3d Trial.— 2 Engines beating, 2 wa8hing. duster throvnx off. 8peed of main 
shaft, 160 revolutions per minute, 48.3 h. p. 

During the above trials thu head was about 14 feet. The dynamometer was 
then applied to the end of main shaft, and the power of the wheel, at nearly 
same speed, obtained. 

With the flush-boards off, leaving 13 feet head, under which the wheel was 
designed to give 60 horse-power, its power would have been 43.16. 

No attempt was made to measure the water, it simply took the whole river. 

Capacity of Beater 450 pounds. 



SHEET SUPER CALENDER. 



Holyoke Machine Co., Holyoke, Mass. 
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Paper and Shoexnakingr Machinery. 



Roport of a test to determine the power required to run one of the Bag 
Sngines at Bacon's Paper Mill, iu Noi-tli Lawreucc Massachusetts. 

LowBLL, December 16, 1870 
•7*. A. Bacon, Esq. : 

Dbab Sir :— I have worked up carefully the tests made yesterday with 
Emerson's Dynamomiter, at your mill in North Lawrence. When the engine 
roll made 1^ revulutions per minuUs the dial h lud of the Dynamometer made 
S.8 revolutions per minute. I have estimated the speed of the roil, upon the sup- 
position that it varied during the different tests in the same proportion as the 
speed of the dial haud. I give the results obtained, in the order in which the 
tests were made. 



Kumber 

of 

Test. 



1 
2 
3 
4 
5 



Condition ov the Engine. 



No paper in , 

Paper being put in 



(( 



f( »( 



Washing paper. 



6 


(( 


'. 7 


<( 


8 


«i 


9 


«( 


10 


t( 


11 


Beatiu 


12 


(• 


13 


(( 


14 


Brush 



(( 
tt 
• ( 
tt 
tt 



<t 
tt 



Revolutions 


IIor*e-Power 


of Roll 


indicated 


per minute. 


by Dynamometer. 


137 


2.5 


149 


7.26 


141 


3.36 


153 


4. 


145 


4.03 


147 


4.41 


144 


4.57 


145 


5.19 


153 


5.2 


143 


4.71 


149 


5.08 


147 


5.02 


149 


5.08 


149 


8.9 



While the paper was being put in, the power indicated gradually rose from 2.5 
horse-power to*7. 26 horse-power. It stood at 7.26 horse-power for about three 
minutes, after which it gradually fell to 3.36 horse-power. Fr m test 4 to test 8, 
the roll was gradually set down harder and harder. At test No. 7, the roll whs 
down as hard as is usual in makiug paper. At test No. 8, the rcU was down 
harder than is commou. 

V ery respectfully yours, 

(Signed,) Channino Whitakeb, 

Mechanical Engineer. 

Report of a te&t to determine the power required to drive Shoemaking Machin* 
ery, at the State Prison, in Charlcstown, Massachusetts. 

Lowell, July 13th, 1871. 

Rodney 8* Tay, E»q., Treasurer T\icker M/*gOo,, Boston : 

Dear Sir :— On the 13th inst., I made a test with Emerson's small D3Pii«- 
mometer. of the power required to drive Mr. Blauchard's Shoemaking Machinery 
at the State Prison, in Chariest own. In Mr. Blauchard's lower room there ari-, 
besides the counter-shaftinsr, 12 sewing machines, 2 peggers. 2 skivers. 1 heel 
trimmer, 1 bottom roller, 1 buffer, 1 roller, 1 splitter. All of the machinery is 
not in use at any one time. But making such allowance for this fact as seems to 
be fair, there is required for driving the machinery and counter-shafdng in this 
room, 4.9 horse-power. In Mr. Blauchard's upper room, there are, besides the 
counter-shafting, 2 brushes and 4 buffers. There is required, for driving the 
machinery and counter-shaflin.; in this room, 2.3 horse-power. Mikkiog a total 
of 7.2 horse-power used by Mr. Blanchard. 

Very respectfully yours, 

Channino Whitarkr, 
(Signed,) Mechanical Engineer. 

*I tested an ordliMiy 4M pound Beater ia Miue mill that took ■omething over 13 hone powvr. 

J K. 



LEVER PEwATER. 



SANDTACTCHBD ST 

Holyoke Machine Co-i Holyoke, Mass. 



180 
Steam Engrine. 



New, made by Brown of Fitchborg, Mass. IS-inch cylinder, 42-lnch stroke, 
rated 75 horse-power with 00 pounds of steam; tested by Prony brake, steam 

Sressure ranging from 65 to 70 pounds daring the trial ; the power varied from 
) to 05 h. p. according to pressure. 



Putnam Machine Co. Bnerine. 



New 15-inch cylinder, 3-feet stroke, guaranteed to give 60 h. p. with 60 
pounds of steam; tested by Prony brake; gave 44 h. p. with 65 to 70 pounds 
steam. Such has been my general experience, and I doubt whether a steam- 
engine can be found that realizes more than 3-4 of its claimed rate. Indicator 
cards may give the pressure in cylinder, but the only way to get the efficiency of 
an engine is to take it from shalt. 



Compound Bngrine. 



Steam working first in a d-inch cylinder, from that into one of 12 inches, 20 h. 
p. was claimed; dynamometer on shaft showed 7. Then it was found that the 
most of the force was used in working the engine. 



Power Required to Drive Woolen Machinery. 



The Poweb required to drive sets of woolen machinery depends npon the 
quality of goods and number of sets in a mill ; the more sets the le^s power in 
proportion is required. I have tested the power used at many mills, but a few 
cases will show tho general average. 

Vabsblboro Woolen Mills, Vasselbobo, Mb. 22-set mill, light cassi. 
meres; required, 135 horse-power. 

Wm. Walks b & Co., Lowell, Mass. 4-8et mill, flannels; required or used, 
30 horse- power. 

James O. Inman, Pascoag, R. I. Heavy doeskin, pant goods, 4 sets ; used, 
40 horse-power. 

Bbbbe; Webber & Co., Holtokb, Mass. Pant goods, eight sets; 64 horse- 
power. 



Power Required to Drive Elevators. 



The!)c elevators were in Boston stores, the belts when not at work running on 
loose pulleys. To operate tiie tirst kind tried, without load, wheu running at the 
common speed, 1.89 horse power. With a load of lii06 pounds, 3.92 horse power. 

The second wa-* a Tuft's elevator, running at the same speed as the first, with- 
out load, 2.46 horse power. With a load of 1004 pounds, required 5.29 horse 
power. 



Hydro-Extractor. 



Extractors start hard unless started very slowly, but lose their resistance 
instantly; three-four, hs of a horse power would be a liberal average for such as 
I have tested. thou<i;h from one to two horse power may be expended. for a 
moment, if started hastily. 









WOOL CARD 



AND HYDRO BXTRACTOR, 



1 Works, Worcestop, I 
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Germania Mills, Holyoke, Mass. 



Test of machinery with Emerson's Portable Dynamometer. Tables prepared 
by A. M. Swain. 

WBAYK ROOM. 



DB8CRIPTI0N OF XACHIKEBT. 



Shaft 136 f et 1 mgt 150 revolutions. 21 
Broad Crompton Looms driven from the 
line. An averasrc of 10 looms were prob- 
ably ill operation. Counted them in 
rapid succession over and over again. 
Tlie least number in operation was 6 at 
on ' time. The most was 15; 9, 10 and 11 
was th" usual count. 

Good^, heavy doeskin and cassimeres, 
76 inches wide, 56 picks to the inch, 26 
ouncos to the yard, in a portion of the 
Looms. 

April 12, 1873. 



TIXB. 


w'ght. 


8PBED. 


▲. M. 






6.20 


52 


190 


6.30 


55 


182 


6.45 


55 


192 


7. 


50 


190 


7.15 


60 


190 


7.30 


53 


190 


7 45 


54 


190 


8. 


60 


188 


8.15 


55 


188 


8.45 


50 


192 


9. 


60 


192 


9.15 


60 


192 


9.30 


86 


192 


10 30 


80 


190 


10.35 


60 


192 


10.36 


65 


193 


11.40 


15 


192 


12.15 


651 


188 



H. P. 



2.99 
3.03 
3,19 
2.87 
8 45 
8.05 
8.10 
3.41 
3.13 
2.90 
8.49 
3.49 
5 

4 60 
3.49 
8.80 
.87 
2.90 



TESTS IN PICKINO AND DBYINO BOOMS. 



DESCRIPTION OP XACHINBBT, 



2 Fan?, 8 vanes each, 

2 Fans, 8 vanes, 2 Fans, 5 vanes, 

4 Fans, 1 Sargeut's Burr Picker, 

4 Fans, 1 Sargent's Burr Picker, 

4 Fans, 1 Sar>;ent'8 Burr Picker, 

4 Fans, 1 Burr, 1 Kelloeg Picker, 

1 Sargent's Burr, 2 Kello;rg Pickers, 

1 Sargent's Burr. 2 Kellogg Pickers, 

4 Fans, 1 Burr, 2 Kellog:;, 

4 Fans, 1 Burr, 2 Kellogg, 

4 Fans, 1 Burr, 

1 Burr, 

1 Burr, 4 Fans 

1 Burr, 4 Fans, 

2 Kellogg Pickers, 

1 Kellogg Picker, large, 
1 KcUo.'g^ Picker, small, 

Counter Shaft and loose Pulleys for 
above machinery. 

April 9, 1873. 



TZKB, 



"W'ght. 



SPEED. 



80 11 8. 

122i 

230 

222 

230 

Belt 

180 

180 

290 

295 

231 

125 

235 

234 

65 

40 

80 

25 



180 
180 
181 
180 
180 
Slipped 
179 
179 
178 
178 
178 
180 
179 
180 
182 
181 
181 

180 



H.P. 



4.36 

6.68 

12.61 

12.11 

12.64 

9.76 

9.76 

15.64 

15.91 

12.4«t 

6.81 

12.T4 

12.76 

8.58 

2.19 

1.64 

1.36 



Rotary Fulling Mill. 



The Foss A Pevey Under-Flat Cotton Card. 



loho M. Pevey, Ppoppielop, Lowoll, Masa. 



n 
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Test of Turbine Wheel and Power Required to 
drive Maohinery in Mill at Natick, B. I. 



To ascertain power required to drive machiaerj, the gate was opened nntfl 
designated machines ran at regulator speed, then the power of wheel was found, 
with same head and gate opemng. The turbine replaced breast wheels, and the 
discharge from the turbine as shown by the old water mark in tail-race 35 feet in 
width was 8 inches less in depth than from breast wheels. 

Test of Machinery, March 14, 1874. 

l^e first test, shafting alone. The gate SK turns open, with 21 feet, 3^ inches 
fidl. Wheel making 77 revolutions per minute, horse power, 43. 

The second test, all the shafting and 457 Mason I^ooms, (print goods, 64 so.* 
150 picks per minute.) The gate 5>^ turns open, with 21 leet, IK inches falL 
Bevolutions of wheel 77, horse power, 88. 

The third test, all the above and 77 ring; spinning frames, of 9,856 Rabbeth 
spindles, 6750 revolutions per minute, also 8 warpers, 8 spoolers of 64 spindles 
each, and 17 mules with 10,364 spindles. The gate 9X turns open, with 20 feet» 
9 inches fall. Bevolutions of wheel 77, horse power, 192. 

The fourth test, all the machinery in the mill, or in addition to the above, 1 
Kitson opener, 2500 revolutions, 6 30-inch Whitin's lappers, 3 beaters, each 2200 
revolutions, 70 30-inch breaker cards with 125 revolutions of cylinders, with 6 
Mason Railway heads, 2 doublers, 70 80-ir ch finisher cards with 125 revolutions 
of cylinders, with 5 Lanphear railway heads, 10 drawing frames with 59 deliver- 
ies, 6 slubber speeders with 420 spindles, 554 revolutions of flyers, 12 fine speed* 
ers, 1248 spindles, 770 revolutions of flyers. The gate 10>j[ open, 20 feei, 5>^ 
inches fall. Revolutions of wheel 76, horse power, 263. Gate opened in fidl to 
get power of wheel, 20>|^ feet fall, 291>^ horse-power. 



Nelson Mill, Winchendon, Mass. 

Denims, Sheetings, and Colored 6ood»-> 

H.P. 

4 pickers, 64 cards, 7300 spindles, 2 drawing frames and 180 looms, 158.80 

All the above, except pickers, 130 10 

All except pickers &na cards, 89.46 

Only lo.'>ms running, 67.86 

Shafting, 89.33 

Monohansett Mill, Putnam, Conn. 



Two hundred horse-power drives two hundred and ninety two 40.1nch wide 
looms to 140 picks per mmute, 5632 frame spindles, 6768 mule spindles with all 
the other necessary machinery. 

Ea^le Mill, Conneoticut. 



This is to certify that I weighed up the power for John L. Ross, of the follow- 
ing machinery and shafting at his mill, in llagleville, Conn., with a Dynamometer 
on main shaft, and the power developed was found as follows, to wit : 

Test Ko. 1— Run the shafting, 1 dresser, 1 spooler, and 12 frames, indicating 

27.64 h.p. 
Test No. 2— shafting,! dresser, 1 spooler, 15 spinning frames, 30.81 ** 

Test No. 3— •♦ 1 «• 1 " 18 «« 34,86 •« 

Test No. 4— " 1 " 1 «• 18 " 34 86 " 

Test No. 5— " 1 " 1 " 15 " 81.12 •• 

Test No. 6— " 1 " 1 " 12 «< 27.27 *• 

Test No. 7— *• 1 " 1 «« 12 " 27.27 «• 

Test No. 8^ " 1 " 1 " 15 " 31.12 *« 

Test No. 9— " 1 " 1 ♦• 18 «« 34.86 *• 

Test No. 10— All of shafting connected to run the above machinery, "" 10.89 •• 



POWER LOOM. 



Mason Machine 'Works, Taunton, Mass. 
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Emerson's Lever Dynamometer. 



TOR KSASUBINO TBB FOWm BBQUIBBD TO DBIYB MILLB AND XAOHINBBT. 

{From the London Engineering ,1 

** A thoroaglily reliable dynaiiiometer of simple constrdction, and capable of 

being readily applied, isi an inscrument which might be employed with advaiitaffe 

in a vast numbur of cases. Almost all employers of machinery are interested in 

the amoant of power which their machines require to drive them, and the accu- 

r.it • m.'asurement of this power would, in a vast number of instances, lead to the 

di:scovery of sources of waste, which at present pass unnoticed. In other cases, 

also, where mschanicai power is hired, it is of importance, both to the hirer and 

letter, thiit the power thus applied should be determined accurately. Altogether 

thero is a great w*at of a simple and reliable dynamometer, and for this reason 

we illustrate an instrument of this kind, which has been introduced in the United 

States, and of the perform itice of which good accounts are given. This dyna« 

m3m>ter ha-t been d^signjd by Mr. James £merson. Keferriu<; to the engraving, 

it will b3 seen that all the moUons are absolute. There is no dependence upon 

springs, spiral, or other forms, which aro so liable to be affected by changer of 

temperature, and so uareliabla under variations of power. It is very simple in 

co.istruc ion, aad direct in operation. The pulley A, is loose on the shaft, and 

receives th3 pjwer. Its co.inection wi.h the -shaft is made by means of the 

spider J, which is ke^ed or screwed firmly to the shaft in close contiguity with 

the receiving pulley, xU hub, in fact, formmg one of the ^ides to the position 

of the pulljv on the shaft. To connect this fixed wheel with the loose receiving 

pulley, a boll crank lever is pivoted into projecting ears on the rim of the wheel 

on opposite sides, th3 long arm of which connects with an aunular slotted collar 

on the shift by msans of the short bars, B. The short arms of the bell crank 

levers coanect on the inside of the fixed wheel with two radial bars, one parallel 

to the Jter arm of the bell crank, and the other at right angles to it, receiving 

near its upper end a pivot passing through a swivel hung to the arm of the 

spider waeel, and halving its extreme end pivoted to a stud fixed on the inner side 

of the rim of ths receiving pulley. It will be seen from this description that the 

strain of the power received throuorh the belt on A will necessarily react on the 

levers, and through them, on the fixed wheel, which may be considered nothing 

more or I iss than a 9upp3rt to these levers in sustaining them in position to connect 

thi loose receiving pulley with the shaft. At B it will be seen the levers are con* 

n3cced b^ pivots with the slidin<.? collar, in the annular groove of which is seated 

a str.ip with which is connected a forked lever, the fulcrum at C. To the end of 

the long arm of this lever a rod with a short section of machine chain is attached. 

This chiin I'uus over the cylindrical head, D, of a pendulum weight, £, having a 

pointer that trav«irses a fixed q ladrant, F, properly divided b^ a sc<ile to denote 

the relative pressure exerted through the medium of the receiving pulley on the 

shift. The p illey, G, is fix>d to the shaft, and delivers the power." 

With this description of the parts, and an examination of the engraving, any 
of o'lr readers may understand the operation of the device. It will oe seen that 
all th ; mitions are ab^lue, there bein^ no chance for play and "backlash." It 
is a weiglilui; michlne as correct in principle as the old-fashioned steelyards or 
the platform scales; in fact, it is simply a rotary platfoim scale, and each 
midline i^ weighed and tested in place by han^ng to the pulley, A, sealed 
weights, aad marking: the in lex as each weight is added." 

Mechanic il power is as much an article of commerce as is any other mate- 
rial that supplies our n^ces-tities or comforts, but while everj-thing el-^e that is 
bou ;ht and sold is weisfh 'd, measured or gauged with the most careful exact- 
ntss, operative fo ce. the very mainspring of business is disposed of in a man- 
ner so slovenly that oxAy a knowledge of the force that a long continued habit 
has upin man cat account for its tolerance for a day; but the wonderful improve- 
m^nt^mtie during the past half century in the means of bringing all nations 
t'>.?ether, almost as o.ie i^eople, have brought about a sharpness of competition 
that will forever render impossible the enormous profits once so common with 
manufacturers; and far |^re iter ec uiomv in every expenditure will be absolutely 
necessary hereafter to bring succfss ; with few exceptions, dividends of the past 
fiv^ years have been extorted from th<' wages of the operatives, and it will be 
well for capitalisis to consider how long such a system can be continued. Forty 

gears since our mills and shops were snppli d with help from the New Bngland 
tatea ; that source has loag been exhaui^tcd. Ireland was then drawn upon, and 



goarce v< bare had an BTtUnehe af ebe*p help, 

luspupalllhatcanbeliadfroinrliere; it Hsiulres 

5 nam™ to imUpreland thai Ihoaicli ibe coarn- clad 

'"'7lia°X 

aiDgLaDdii^ : . 

) of Iliing> cbeap help must aooa pua away. Educ 
* (CFellDg leiu]«ncy, aod leyclLng raiaes wjgea- wliile K ^'ilL reduce BiiUriH. 
Herfiaft«r, iaoL« muse b«don« by uLMJilnery, which wiUrpquira (bo aui>erTLBion 
of pmctioal men from the ahopa li.nead of from Wen Poinb. A re»1 knonledBe 
of hvdrauLlc* wUI ditiuid turbmeB of the put and Buballlute Ihoie far moro eeo- 

"'Tiug compaiiiea la pawnaslcd, and its place auppUed by steam utaj(reii but 
.. ^|.y eip rose, > imply because UabitLas reudcred thoae ii^ charge 



E" 



t laeiuK, wbilo perfectly lodiff' rrul in caics where tlie loea it by the hnac 
rhapa iboiiaands of d'^llare. In the paal, even with sucli managen, AWn 
•e beeD poitslble ; but for the futuiCf cucceia cau otdy be poesible whore 



ThciLlii>imIionpublL>h d with tbli article npreaen's Instrtunenta far ireigh- 

eiperienee.can uncterataod auduaa Ibem. They are nmde'in atylei lo suit any 
conceliable caie and at prices that rendpra it absurd lo employ pcrfoua from a 

distance at fancy prion, lo ic ' .......-...._ _ _ 

venicnily by ompioyM of tb" < 
WW wUI proTO the iitiiily of i 

-" S^S:.,.iu-.,tf,r«»^c» „,....«, 

d ihl« grailuatlin mmt be letaliied ihnugh the size of 
ed by lagging at will, Suppoae the weighiHi; pulley to be 
IS pi-r minute while it is caTying by belt 260 paunds, pro- 
ceed aa follows ; 360 Xt0=36O0X.MU=910"Xii'^n30<»=2f.»5 horse power. For 
fnnbai tnftomAtiOD, apply to the Hoiyoke Haiirlne Co.. Eolyoke, Maw. 



189 
Experiments at Massaohusetts Cotton Mills. 



Lowell, Mass., March, 1872. 

Trial of power required to drive 15 stretchers. (3d speeders) 62 spindles each 
s=780 spindles. Speed main shaft of machine, 396 revolations. Speed of flyer, 
1121 revolutions. Frames driven by a train of 8 countir-shafts— two frames by 
each, except the last, which drives one. These shafts are driven, the first from 
the main line, and the others in succession from each other. - 1st. Machines and 
shafting required 8056 lbs. per sec =14.65 horse-power-=537 lbs. or .976 horse- 
power each=:l0.3 lbs. per spindle=:53 24 spindles per horse-power. 2d. Shaft- 
inx and loose pulleys, 2000 lb8.=3.64 horse-power. 3d. Shafting alone, belts off, 
732 lbs.=1.33 horse-power. 

Trial of power to drive 6 throstle spinning fi-ames, (warp) , 5 having 128 spindles 
each, and one 112 spindle8,=752 spindles, diiven by a train of 6 couuter-shalts, the 
first belted from the main line, and the others in succiession from each otJier. 
This being an odd row of frames, only one frame is belted from each shaft. 
Spinning No. 20 yarn, cylinder running 750 revolutions, and flyers 4312 revolu- 
tions per minute. 1st. Shafting and loose pulleys, 1150 lbs.=2.09 horse-power. 
2d. Shafting alone, machine belts off, 767 lbs.=1.39 horse-power. 8d. Frames 
and shafting, 6900 ibs.=12.54 horse-power. 

Tri il of power required for 112 looms, weaving 36-inc'i sheetings. No. 20 yam, 
60 threads to the inch each, warp and filling. hpe4-d, 130 picks per minute. 
These looms are placed in the back part of tne middle portion of No 1 mill— 
one-half in the basement and half in tlie room above— being belted from 5 lines 
of shafting in the lower room. These shafts are driven in succession, one from 
the other, the firt«t from the miin line. Size of shafting, 2 3-16 iuches, except 
the first piece in each line, on which the counter- pulleys are placed ; these are of 
several different sizes, but about 2^ inch ou an average. The driving pulleys are 
12 inch diameter, and the loom pulleys 14 inch. 1st. 112 looms with shafting 
lubricated with tallow. Average of several trials : 8870 lbs.=:16.13 horse-power 
=79 20 lbs. per loom =7.24 looms per horse-power. 2d. The same, after oiling 
the journals of t.'>e shafting: 8492 lbs.=15.44 horse-power=75.82 lbs. per loom= 
7.24 looms per horse-power. 3d. Trial of shafting and loose pulleys, lubricated 
with tallow. Average of several trials : 2876 lbs.=5.23 ho^^e•po^ver. 4th. Same 
after freshly oilinz : 2245 lbs.=4.08 horse-power. 5th. Shafting alone, belts off: 
913 lbs.=2.40 horse-power. 

Trial of power required to drive 8 Lowell Machine Shop Mules, 624 spindles 
each, with Emerson's Dynamometer. Five mules were running on No. 22 yarn, 
spindles making 5500 revolutions per minute, and three mules on No. 37 yarn, 
spindles making 6230 revolutions per minute. 1st. The 8 mules including shaft- 
ing. 12,2.'>0 ibs.:^22.25 horse-power,=2.45 lbs. per spindlc,=224 spindles per 
horse-power. 2d. Shafting alone, 17.10 lbs.=3.11 h'>rse-power,=U per cent, of 
the whole power. 3d. 8 mules without shafting, 19.16 horsc-powers=211 lbs. 
per Bpindle=260 spindles per horse-power. 



Test of Machinery at the Alpaca Mill, Holyoke, Mass. 



Looms made by George Hatterly & Sons, Keighley, Yorkshire, England. 
These looms were supposed to require but one-tenth of a horsc-powor each to 
drive them ; 250 of them in use there. Two sets of four each were tried, each 
set taking exactly the same power. 

Four looms (plain,) 40-inch reed space, 180 picks per minute, 1.13 

Spinning frame, 144 flyer spiudles, 2500 revolutions per miuute, 2.60 

Lister Comb, 18 inch nip, combing long wool, .68 

Preparer for comb, second of five, fair average of the set, .69 

Dandy roving frame, 24 spindles, 1300 revolutions per minute, .78 

Six spindle way hox, ..^ 

Six spindle finisher, *oQ 

" Many piitcnta have been taken out for the parpose of protectlnfr devices supposed to produce very 
1i|(bt runninfr sptnillcs, but there arc spinning frames In this vicinity (with un)Kitented devices.) 123 
spindles each that ran IiK^hter than any fVames that I have seen elwwhere; these aro driven with 5-8 
of an inch b«U, tad can and have been driven with belts of but 1-4 of an inch in width. 
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Test of Turbine ajid Power Required to Drive 

Machinery. 



Clyde Bleachery, River Point, R. I. 

To ascertain power required to drive machinery, the gate was opened until 

certain machines ran at speed, afterwards the power of the wheel was tested 

with the same gate opening, head and speed. 

H.P. 
1st Test. Gate open 2 1.2 turns, 15.47 

Driving shafting of mill and small pump. 
2d Test Gate opened 6 turns, 68.18 

One 5 bole water mangle, 1 Scotch starching mangle, 2 boles, 1 spindle 
calendar, 5 boles, 1 3-bole calendar, 1 5-bole calendar and 1 doth 
winder. 
3d Test. Gate opened 8 turns, 62.73 

All the machinery in the bleaching room, viz : 3 washing machines, 10 
feet log, 2 washini? machines, 6 feet log, 2 souiing machines, 4 feet 
log, I chemic machine, 4 feet log, 1 liming machine, 4 feet log, and 
3 squeezers. 
4th Test. Gate opened in full, 75^ 

All the above, with machinery in drying room additional. The latter 
is 1 drying machine, 11 cylinders. 30x120 inches, 1 squeezer, 1 open- 
ing mangle, 2 shearers, 4 sets knives each, and 1 Canroy winder. 
The 15.47 h. p. required to drive shafting must be deducted from the second, 
third and fourth tests to get the power required to drive the machinery named. 



Memoranda of power required for operating certain bleacbing, finishing and 
dyeing machines, at S. H. Greene & Sons' Bleach and Print Works, Biverpoint, 
B. I., tested with Emerson's Lever Dynamometer, April 1874. 

H.P. 

Washing Machine with 2 boles — 21 inches diameter, 10 feet lon^ with 
squeezers attached ; consisting of 2 boles — 21 inches diameter, 12 mchea 

lone, 18.00 

Limer, brown sour, chemic and white sour machines — 2 boles each — 21 

inches diameter, 4 feet long, each required 8.01 

Water mangle— 5 bolep, 11.30 

Friction mangle— 2 boles» 16.38 

Calendar — 5 boles, 7.53 

Calendar— 3 boles, 5.91 

Calendar— 4 boles, (one bole being a 4-inch spindle,) 8.07 

Shearing machines— 4 sets knives, 9.98 

Burrows' patent dye beck— 40 ps., 8.86 
Washing Machine, Madder Dye House, with 2 boles— 10 feet long, 20 
inches diameter, with squeezers — 2 boles, 12 inches long, attached with cloth 

loose in water pit, 7.97 

Hot water machines— 2 brles, in dve house, 1.79 

Canroy Winder— for printing machines, 6.32 
Power to diive shaftmg and spring water pumps of bleachery, drying 

room and mangle, and finishing rooms for white work, 18.18 

All the above were trials while the machines were at work, cloth threaded in. 
A number of trials were made. The above give the average in practical 
work. 

Hbxbt L. GRXBin. 
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Tests of Various Kinds of Machinery- 



Daring the past ten years I haye tested the power required to drive a firreat 
variety of machinery, but have kept no record of such' until recently, because 
such tests to others are of but little value iuile«s the conditions are exactly the 
same, which is unlikely to be the case. 

The following were taken in the mills named and represent the power required 
to drive the machines while doing their regular work ; by the tests it will be 
seen that the greater the number of spindles in a frame, the greater the number 
is likely to be per horse power. It will also be apparent that much depends 
upon the make of the Arame. 

DWIGHT Hr*6 CO., CHICOPEB, HASS. J. W. CmiBoek, Asent, Not. 1878. 

MAMUFACTUKK SHKBTINQS SHIKTINOS AMD P. K'S. 

Test of Lan phear frame, 128 Rabbeth spindles. 

To drive empty spindles, required 1.06 horse power. 

To drive spindle and bobbin, without connection, 1 14 

Mean, from empty to full bobbins, required 1 30 

Be volutions of drum per minute, 810 

Computed revolutions of spindle per minute, 7800 

Revolutions of front roll, 72 

No. of yarn, 40 

Length of travers on bobbin In inches, 5 

Foot lbs. per spindle when at work, 336.6 

Numbsr of spindles per horse power, 98 

Another Rabbeth frame, supposed to be exactly like the above required more 
power. Spindles per horse power, 92 

Lowell frame, 202 liffht long spindles No. 4 mill. 

Mean, from emjpty to fuU bobbins, 2.52 horse power. 

Re-volutions of drum per minute, 1025 

Computed revolutions of spindles, 7800 

Revolutions of front roll, 97 

Length of travers on bobbin in inches 63^ 

Number of yam, 22 

Foot lbs. per spindle, 412 

Spindles per horse power, 78 

To drive the cylinder and spindles, rolls stopped, required 1.96 horse power* 

Lowell frame having 208 short spindles in No. 4 mill. 

Mean, from empty to full bobbins, 8 31 horse power. 

Revolutions of drum per minute, 1025 

Computed revolutions of spindles, 7800 

Revolutions of front roll, 97 

Len;^h of travers on bobbin in inches, 5)^ 

No. of yarn, 22 

Foot lbs. per spindle, 525 

Spindles per horse power, 63 

These spindles were reduced in weight, then required 2.84 h. p. or 73.8 spin- 
dles per Ii. p. To diive the cylinder and spindles, the roils oelng stopped, 
required 2.2 horse power. 

Lowell frame, (old) 208 Ion? spindles. 

Mean, from empty to full bobbins, ' 3.54 horse power. 

Revolutions of drum per minute, 1025 

Computed revolutions of spindles, 7800 

Rjvolutions of front roll, _ 95 

Length of travers on bobbins in inches 5^ 

No. of yarn, 22 

Foot lbs. per spindle, 563 

Spindles per horse power, 59 

Whitin frame, 128 long spindles, in No. 1 mill. 

Mean, from empty to full bobbins, 1.45 horse power. 
Revolutions of drum per minute, 720 

Computed revolutions of spindles, 6040 
Revolutions of iront roll, 82 
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Iiength of trayen on bobbin in inches, 5 ^ 

No. of yarn, 14 

Foot lbs. per spindle, 375 

Spindles per horse power, 88 

Another frame, same row, supposed to be exactly like the aboye, carried 98 
spiudlus per horse power. 

Bidd ford frame, 144 Ions: spindles. No. 5 mill. 

Mean, from empty to full bob Dins, 1.57 horse power* 

Beyolutions of drum per minute, 789 

Computed reyolutions of spindles, 5523 

Beyolutions of front roll, 78 

Len^tli of trayers on bobbin in inches, 6)^ 

No. of yam, 22 

Foot lb:), per spindle 859 

Spindles pur horse power, 73 

Biddeford frame, 144 Pearl spindles, No. miU. 

Mean, from empty to full bobbius, 1.91 horse power, 

Reyolutions of drum per minute, 797 

Ck>mputed reyolutions of spindles, 7000 
Beyolutioj of frontroll, 92 

Len^h of trayers on bobbin in inches, 5^ 

No. of ya)-n, 22 

Foot lbs. per spindle, 439 
Spindles per horse power, 75 

Whitia one rail frame, 128 Bultrick & Flanders' spindles, in No. 1 mill. 
Mean, from empty to full bobbins, 1.16 horse power, 

Reyolutions of drum per minute, 720 

Computed reyolutions of spindles, 6720 
Beyolutions of front roll, 100 

Len^^th of travers on bobbin in inches, 6^ 

No. of yam, 14 

Foot lbs. per spindle, 807.5 
Spiudles por horse power, 107 

Another frame in the same row supposed to be exactly like the aboye, required 
more to d>ive it only carrying 94 spiudles per horse power. 

Biddeford one rail framo, 144 Buttrick spindles in No. 5 mill, using Pearl 
bobbins. 

Meaa, from empty to Aill bobbins, 1.77 horse power. 

Reyolutions of drum per minute, Ii25 

Computed reyolutions of spindles, 7300 
Reyolutions of front roll, 98 

Length of trayers on bobbin in inches, 5>^ 

No. of yarn, 22 

Foot lbs. per spindle, 405 
Spindles per horse power, 81 

Biddeford two rail frame of 144 Buttrick spindles, using Pearl bobbiiu. 

Mean, from empty to full bobbins, 1.68 horse power. 

ReyolutioQS of di-um per minute, 825 

Computed reyolutions of spindles, 7300 

Reyolutions of front roll, 98 

Length of trayers on bobbin in inches, 5^ 

No. of yarn, 22 

Foot lbs. per spindle, 385 

Spindles per horse power, 85.5 

Lowell Doubler, doflBng 64 cards. Required, 4.28 horse power. 

Howard & Bullock Slasher, 16 inch fans, makinsr 1200 reyolutions per minute. 
Yam moyiug 35 yards per minute. Required, 5.04 horse power. 

Lowell Machine Shop Looms. 12 on 86-inch ^oods, 04jpicks per inch. 11 on 
40-inch troods, 76 picks per inch, 145 picks per minute. Required, 4.08 h. p. or 
5.6 looms per horse power. 

Lowell Coarse Speeders, 40 spindles, .86 hank roying. Eight and half inch 
space, l'2-inch trayers. lii roll, making 106 reyolutions per minute. Flyers, 
625 reyolutions per minute. Required, 1.41 h. p., 117 foot lbs. per spindle or 283 
spindles per h. p. 

13 
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Intermediat<>, 56 spind^ 8. .90 hank roving. 6^- inch space. 9^-inch trarrrs. 
Front roll. 1| inches iu diameter, makine 200 revolutions per minute. Flyers 
940 revolutions per minute. Required, 1.43 h. p., 340 foot lbs. per spindle or 89.2 
spindles per horse power. 

Fine, 72 spindles, 5-inch space, 8^-inch travers, 2-83 haak roving. Diameter 
of front roll l|-inch, makinur 140 revolutions per minute. Flyers 1215 revolu- 
tions per minute. Required, 1.68 h. p., 783 foot lbs. per spindle or 42 spindles per 
horse power, 

Two Drawing Frames, 3 to 1, 4 deliveries each. Roll 1)^ inch diameter, making 
308 revolutions per minute* Required, 1.09 horse power. 

Two Pawtucket Spoolers, 80 spindles' each, or 160 per pair. Revolutions of 
cylinder 165 and of spindles 780 per minute. No. of yam 22, warp. Required, 
.74 h. p. Spindles per horse power, 217. 

Five Howard & Bullock Warpers (English ) Cylinder making 45 revolutions 
per minute. Width of section, 54 inches. Average No. of tnreads to each 
warper, 350. Required, .83 h . p., or .16 h. p. per warper. 

CHICOPKE MF'O CO., GHICOPBK FALLS, HA88. George H. Jones, Ageat, Kot. 1878. 

MANUFACTUBB COTTOIT FLANVBLS, QUILTS AUD SHKBTIVOS. 

Test of frame having 256 Sawyer spindles, in a mill of that company. 

To drive the empty spmdlcs, required 1.26 horse power. 

To drive bobbins before connection with yarn, required 1 46 

Mean, from empty to full bobbins, 2.09 

Revolutions « f drum per minute, 863 

Computed revolutions of spindle, 7612 

Revolutions of front roll, 88 

No. of yarn, 25 

Length of travers on bobbin in inches, 5 

Foot lbs. per spindle when at work, 269.6 

Spindles per horse power, 122 

WARP MILL, HOLTOKE, HA8S. J. L. BarllagaBe, Agent, Deo. 1878. 

MAVUFACTCRE WAKPS. 

Lowell Frame, 160 Sawyer spindles (old firame.) 

Mean power required 1.87 hone power* 

Revolutions of drum, 860 

Calculated revolutions of spindles, 7166 

Revolutions of front roll, 103 

No. of yam, 18 

Travers on bobbin in inches, 6^ 

Foot lbs. per spindle, 387 

Spindles per horse power, 85.2 

Another in same mill; New Lowell Frame, 160 Sawyer spindles. 

Mean power required 1.74 horse power* 

Revolutions of orum, 935 

Calculated revolutions of spindles, 7480 

Revolutions of front roll, 84 

No. of yam, 28 

Travers on bobbin in inches, 5^ 

Foot lbs. per spindle, 358 

Spindles per horse power, 92.1 

HADLBT CO., HOLTOKl, HAS8. WIlllfM Qrover, Agent, Deo. 1878* 

MAirUFACTVRK TABK, TBRSAD AUD TWIKB. 

Whitin Frame, 144 Buttrick spindles, ring 1) inches. 

Mean power required 1.68 horse power. 

Revolutions of drum, 913 

Revolutions of front roll, 93 

Calculated revolutions of spindle, 7606 

Travers on bobbin in inches, 5j^ 

No. of yam, 22 i 

Foot lbs. per spindle, 361 

Spindle per horse power, — 91.2 
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Whitia FrAme, 144 common Ion]; spindles, ring 1^ inches. 
Mean power required 
Rerolnttons of drum, 
Bevoiutions of front roll, 
Calculated revulutions of spindles. 
No. of yarn, 

Ti-avers on bobbin in inches, 
j?*ootlb3. per spindle, . 

SpiiMllaa per horse power. 

Two Whitin Trames, 160 lonoUght spindles each, or 320 spindles per pair. 

Mean power required 2^, tio"« P0^«'- 

Rev^olutiuns of drum, ***J 
Uerolutioiis of front roll, J? 

Calculated revolutions of spindles, «« JJJ 

No. of yam, ^ 

Tracers on bobbin m mches, *^ 
Foot lbs. per spiudlc, ^ 

Spindles per horse power, '■^ 



1.62 horse power. 
040 

87 
604t 

22 

868 
90 



Whitin Frame, 144 Sawyer spmdles, ring lyi inches. 
Meanpjwor required 
Revolutions of drum, 
Be volutions of front roll, 
Calculated revolutions of spindles, 
No. of yam, 

Travers on bobbin in inches. 
Foot lbs. per spindle. 
Spindles per horse power, 

Whitin 9.inch Slubber of 72 spindles, hank roving one-third. 
Mean power required 
He volutions of roll, 
Bevoluiions of spindles. 
Foot lbs. pjr spindle. 
Spin lies per horse power, 

Whitin Intermediate Frame, 120 spindles, hank roving 4fi. 
Mea I power requin d 

One a id one- eighth inch rolls. . Bevolutions, 
Be volutions of spindles, 
Foot lbs. per spindle, 
bpiudles per horse power, 

Whitln's Jack Roving Frame, 144 spindles, hank roving 15. 
Me<m power required . , u 

Revolutions of roll, 1^. Diameter of same m inches, 
Revolutions of spindles, 
Foot lbs. per spindle, 
Spindles per horse power, 

Whitin's Drawing Frame, 16 ends, 4 cans. 
Power required 
Revolutions of roll, 

Fales & Jonks' Frame, 272 Rabbeth spindles, ring 1^ Inches. 
Mean power required 
8 ;ven inch drum. Revolutions, 
Revolutions of front roll, 
Cal :uUted revolutions of spindles, 
Travers on bobbin in inches. 
No. of yarn, 
Foot lbs. per spindle. 
Spindles per burse power. 



1.30 horse power. 

926 

78 

7408 

3u 

298 
111 

.59 horse power. 

95 
582 
268 
123 

.47 horse power. 
96.5 
860 
130 
254 

.48 horse power. 

IK 
1086 
110 
300 



.58 horse power. 
280 



2.36 horse power. 

725 

100 

6767 

5>i 

20 

286 

115 



Another Fales & Jenks' Frame, 272 Rabbeth spindles, ring lj| mches.^ ^^^^ 
Mean power required ^25 

Revolutions of drum mo 

Revolutions of front roll, ---- 

Calculated revolutions of spindles, 
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No. of yarn. 30 

Q!Va vers on bobbin in inches, b}4 

Foot Ibfl. per spindle, 261 

Spindles per horse power, 126 

Fales & Jenks' 1876, Twister, 248 Rabbeth spindles, two cylinders. 

Mean power required 4.80 hor«e power. 

No. of yarn, 40—3 ply. 
No. of Traveler, 14. 2-inch ring. 

Diameter of drum, 8 inches. H^volutions ot same, 750 

Threo inch roll. BevolutinniB, 27^ 

Diameter of whirl, 1 5-16 inch. Revolutions of spmdles, 4562 

Foot lbs. per spindle 639 

Spindles per horse power, 51.6 

Two cylinders in the same frame can hardly be desirable. 

Fales & Jenks' 1872, Single CyUnder Twister, 144 Babbeth spindles. 

Mean power required 1.74 horse power. 

No. of yarn, 40—2 ply. 

No. of Traveler. 16 

Seven inch drum. Revolutions;. 823 

One and one-half inch roll. Revolutions of spindle, 43 

One and one-sixteenth whirl. Revolutions of spindles, 5435 

Foot lbs. per spindle, 400 

Spindles per horse power, 82.5 

Higgins' Sons & Co. Slubber, 60 spmdles. 

Revolutions front roll, 118| 

Revolutions of spindles, 676 

Required 1.02 horse power. 

Spindles per horse power, ^ 58.6 

Hig|?ins' Sons & Co. 7-inch intermediate fV^me, 128 spindles, hank roving 3!^. 

Mean power required 1.58 horse power. 

Diameter of roll U inrh. Revolutions 128 

K<fVoiurinns of spirdles, 1118 

Foot lbs. per spindle, 408 

Spindles per horste power, 81 

Higgins' Sons &Co. (Sngli&h) 5>^ inch Jack Frame, 144 spindles, hank rov* 
ing 11. 

Mean power required 1.45 horse power* 

Revolutions of roll, 83. Diameter of same in inches, 1 h{ 

Revolutions of spii dies, 1400 

Foot lbs. per spindle, 333 

Spindles per horse power, '99 

English Twister, 286 Rabbeth s>pindles, 1*^ inch ring. 

Mean power required 3.97 horse power. 

No. of yam, 36—2 ply. 

No. of Traveler, * 15 

Eight inch drum. Revolutions, 600 

Three inch roll. Revolutions, 23.5 

One and one-fourth inch whirl. Revolutions, 3840 

Foot lbs. per spindle, 458 

Spindles per horse power, 72 

Cri&rhton & Son (English) Doubler, 16 ends. Lap 187 pwt. to the yard. 
Driving pulley, making 600 revolutions ver minute. Required, .55 horse power. 

Boyd's (Glasgow) Spooler or winding machine, 50 spindles oi* drums. One 
side windine from three bobbins ; the other side winding from three cops. 
Driving puUey and drums, making 228 revolutions per minute. 

Mean power required .15 horse power. 

Foot lbs. per spindle, 99 

Spindles per horse power, 333 
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Piiir of Dobaon & Barlow (English) Mules, 832 splDdleB each. 
Ten stretches in 4 minutes, 25 seconds. 

Diameter of front roll, 1 inch. Revolutions of same per minute, 72 
No. of yam, 70, Calculated revolutions of spindles, 6663 

Maximum force required, 7.83 horse power. 

Spmoles per horse power, 212.5 

Fair of Mason Mules, 832 spindles each. 
Ten stretches in 3 minutes, 65 seconds. 

Revolutions of front roll, 78 

No. of yarn, 70. Calculated revolutions of spindles, 6000 

Maximum force required, 4.40 horse power. 

Spindles per horse power 375 

French Comber made by Hethrington & Sons, Manchester, England. 
Making 62 strokes per minute. Sequired, .24 horse power. 

PUtt Bros* Jack Frame, 144 spindles, hank roving. 

Mean powor required .73 horse power. 
Boll 1| inch di imeter. Bevolutions of same 61 

Btivolutions of spindles, 1181 

Foot lbs. per spiodle, 167 

Spindles per horse power, 198 

Ki son Picker (changed; using Whithead & Athcrton*8. 
"Whip per beater. 

Di.imet -r of roll, 9 inches. Bevolntions of same per minute» 8^ 

Bevolutioiis of 24-inch whipper, 1130 

involutions of 16-inch beaters, 1545 
Revolutions of fans, 2000 and 1500 

Yard*} of lap per minute, 6.86 

Maiomum force requiredi 10.24 horse power. 

Whitehead ft Atheilon*8 Picker. 

Diameter of Bolls 9 inches Bevolntions of same per minute, 8>^ 

Bevolntions of 24-inch whipper, 1070 

Bevolutiou'i of 16-inch beater, 1380 

Bevolntions of fans, 1900 and 1340 

Yards of lap per minute, 6.67 

Maximum force required, 9.35 horse power* 

Kit8on*s 2d Picker or Finisher. 
Diameter of rolls 9 inch Revolutions of same per minute, 7 

Bevolntions of 1st beater, 16-inch, 1475 

Bt>.volutions of 2d beMter, 16-iuch, 1410 

BevoLitions of fans. 1430. Yards of Lap, 6 5 

Maximum force required, 7.8 horse power* 

Whitehead & Atherton's 2d Fick3r or Finisher. 
Diameter of rolls, 9 inch. Bevoiutions of same per minute, 7)^ 

Bevolttions of 1st beater, 16-inch, 1410 

Bcvolution; of 2d beater, 16-inch, 1410 

Revolutions of fans, 1374 
Yards of lap per minute, 5.9 

Maximum force required, 6.64 horse power. 

The Eitson picker had a six inch belt, the Whitehead & Atherton a four inch; 
by timing the two and weighing laps, a difference of more than ten per cent, was 
found in favor of the Kitsou, but this was done away with by soaping the pollevs 
an 1 belt of the Whitehead & Atherton machine. As arranged, for douag the 
game amoont of work, each required the same power. 
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Weston's Differential Pulley Blocks. 



MANUPAOTUBBD BT THB 

Yale Lock Manf'g Co., Stamford, Conn. 

Of the many labor saying inventions of late years, few haye proved more suc- 
cessful m fulfilling: every purpose for which they were invented, than the 
Differential Pulley Block. Its great power, its simplicity, its durability, its econ- 
omy of time and labor, and the property it has of holding the load suspended at 
any point, are qualities which render it invaluable to all who have hoisting to do 
or heavy articles to move. 

The Differential FuUey Block has met a want which has existed from the begin- 
ning of the mechanic arts. In nearly every mechanical operatiou, more or less 
handling of heavy weights is involved, and numberle>8 contrivances have been 
devised for enabling such work to be done with ease, safety, and the employment 
of comparatively small power. 

Of all Blocks, Mr. Weston's New Geared Block, is the most powerftil, com- 
pact and portable hoist now in use, and at the same time possesses this decided 
advantage over all others ; that it is the only Geared Block in which the suspend- 
ing of the load does not depend upon the gears. In the Geared Block, power is 
applied for hoisting or lowering by means of a hand chain, and as this chain is in 
no way connected with the load, the operator may stand at quite a distance from 
the load, if necessary, which is sometimes a matter of considerable convenience. 

With the Direct Block, 1000 lbs. is the maximum load which can be lifted by 
one man, while with the Geared Block the efficiency of one man is increased so 
that he can lifUfrom 2000 to 4000 pounds. 

The ease with which the lifting and lowering is effected by pulling opposite 
sides of the slack chain, and the absolute safety and their universal applicability 
to every employment, makes these Blocks unrivaled, whether for every day use 
-or for emergencies. 

The Yale Lock Manufacturing Company of Stamford, Conn., some three years 
ago, purchased all the valuable patents relating to Differential Pulley Blocks , 
and have since exclusively controled the manufacture of same. This Company 
having also acquired the patents of Mr. Thomas A. Weston, relating to Safety 
Hoistiog Machinery, and secured his services as engineer, are now making 
under his personal supervision an extensive line of hoisting machinery, of 
capacities from 250 pounds to twenty tons, including crabs, winches, derrick 
fixtures, traveling cranes, overhead tracks, and hoists for almost every purpose. 

A new and complete illustrated catalogue of their Pulley Blocks and Hoisting 
Machinery, etc., has been recently published by the Company, copies of which 
can be had on application. 

Address, Talb Lock Manv'g Co., Stamvobd, Conn. 
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Answer to Correspondents. 

Manuf.icIiiring(rei'"'%'^ili""«lliBi.1 of the Boiler Makfc, who Is Msdilr 
found ialiiiit p%es, bm il i« Teiy diSereuI where mille are IiKHted Id email vil. 

foT^h^^lJ 10 me tor''in(o™adon™b^StBoTt9. TlTmtf'lila%'^^k°. 
HDd Tftrioue kind? of »oik belonKii»I lo the Boiler Mating businesE. Mr. Mul- 
Un, whose advertlssment is publi"lifd lierewilh, wLU readily altend lo such 
msUBn if applied la riircct, and will fumleli siiythlng in his line u cheap and 
prumptly as anj one of the trade with whom I have acquaintuice. 



Holyoke Steam Boiler "Works, Holyoke, Mass. 

B. F. MULLIN, Proprietor. 



Steam Boiler*, Sotair Bleach Boilen, Penstock!, Wheti Ca*«, Witter Knd OH 
Tisuks, Soap Keltlrs, iron Ladles, Flute Iron Work of ererr description. Steam 
tiauoes and Fitthi^ Rubber Packing. Scotch Glueiea, LowVater Deteelon. 

AUstvki Uralu Ban, common and patdiit. sold bl nunuftietnren' prieca deUr- 
ared in mills. Bsi>aire on Builen promptly done. Orden sollriled. 

Sacond'Hand Endnes sod Boilen coDBIantly an hand and for »le. 

Boilers and Bneinei boufibt, sold and tichauged. Worka pear Iha ConnectlcnC 
Birer Bailroad Depot. 



S. C. Porsaith & Co., Manchester, K. H. 



world, for the Bnn ■£?■)» 10 hue fi^en heir id lU of Ihe m.cMacr; lofl idl< 
tbnagb Ihe b>nkru|>tCT of (housaudi o( flmu that bd rcckle»ly tu.hed into 

period, BO th it slioast nDj mucbine enr hesird of, froia i sicglo bladed-toolli 
pick Coth • Lurgest al£-d mu-iae eaginei miy be tisd theie. If one alliEle Ibrger 
ii wjDI. d,tbfr imnwdiaslf paiatUoul;iriiim«llerDac,lhciethe7iue,donei9 
ku doz.n pkcka^'S, 

Foldlns Mscbiuu. Hud uid Slckm Fin BngiDe*, Bolt Forging ukd Scnir 
Culting Uuhinct, Powi'r Hunm.n. ilfdraulic FnsH». TnibiiKi, Grind sionoa 
■lid Xmt-j Whoeli, Stcum Y(Cbl>, UliH UIUb, Uun UKbiQery, Fulleyi. Sbift- 
Ing, HnQgera, Cupulu, Blowen Bud Funs, Bleim Pumps, Ac., Ac. A eerloiu 
penual ofrtaeof Ibelr Intenn'D^le cftt*logupB,llkfl a Thuiksf^viug dinapr, hmam 
lendenojr u Ibe wdid hour of mldnl^bl to bring up coiinecllng gboili of the 
pul. In Ibe cut nboTB llio *rti>I bu grupbiciU; Uliutiited mr oim uperieDoe 
■ft.T lucb ■ peruiil. 
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Ship's Windlass. 



It has often happened, when low results have compelled me to report nnfJEtyor- 
ably of turbine plans, that the designers have intimated that if I had experienced 
the vicissitudes of an inventor's life, more leniency would be shown. The Patent 
Office Reports will show that quite a number and variety of patents have been 
granted to me, and the records of the office will show a still larger number of 
applications for others, some of which were rejected, others granted, then aban- 
doned. Two causes have prevented me from realizing much pecuniary benefit 
from patents. Fiist, because my inventions have been a generation before the 
age. Secondly, because my plans have been ver^ expensive to develop. I hare 
never cared to immortalize myself by the invention of a mouse trap, pie fork or 
clothis pin. One patent I have ever felt ashamed of; it was taken out under the 
following circumstances. A lady friend as a joke asked me to get up a device to 
keep her husband's mustache out of his cofiee. A plan was readily found, con- 
sistintc of a peculiarly shaped comb with guurders and nippers. Two younz 
ladies asked to have a patent taken out and assigned to them. It was applied 
for. The model proved so attractive that it was purloined, and the commissioner 
had to send for another; in the meantime, the man for whom the jplan was 
devised took his comb to the Fifth Avenue Hotel, N. Y., and exhibited it; in less 
than a month several hundred dollars' worth of orders were received from fancy 
goods dealers. By that time the joke had become stale and the matter was 
dropped in disgast, though I believed then, and continue in the same belief now» 
that more money could have been made from that than from any other patent 

f ranted me. It is not my purpose to go into a general history of my inventions 
ut there are several, now very popular and lucrative devices, patents of others, 
that were offered to leading men thirty years since by myself ; the plans were 
pronounced chimerical. Tne self coupling for cars, steam brakes and heating 
cars by steam— the plans, almost identical with those now so common, were 
urij^ed by me upon the managers of the several railroads as early as 1850, but in 
vain. My experience in introducing the ship's Windlass, herewith illustrated, 
will be sumcicnt to show my turbine friends that I have known something of an 
inventor's troubles. Readers who are not acquainted with such matters, may, 
by looking in " Webster's Unabridged," see an illustration of a ship's windlass; 
such as was in use on all merchant vessels of any size forfy years since. Such 
windlasses were made of a single oak log, varying in length Irom six to twenty-fivo 
feet, according to the size ot the vessel; three or four turns of the cable would 
be wound around the windlass, the inner or loose end of cable next to the bitt; 
in heaving in, the chain, like a nut or screw, would work towards the middle or 
pawl bitt, so that after a few turns the cable would have to be made fast forward 
of the windlass, then the three or four turns of the chain slipped ba<-k towards 
the bitt. The cables were stowed below by the mainmast in order to have a long 
stretch of chain back of the windlass to help hold it from slipping when icy or 
muddv. Now, bv considering that the largest chain cables are made of roimd 
iron, 23^ inches in diameter, the links being eis:ht inches wide and twelve in 
length— fifty pounds to each foot in length of chuin, each cable five hundred and 
forty feet in length with an anchor of three tons in weight at the end— and it will 
readily be understood that a crew had a hard job to handle such a cable, more 
particularly in deep water; besides, it was often impossible to get an anchor 
rt-ady to let go before a ship would be ashore, for it was always necessary to haul 
up sufficient length of cable from the chain locker to reach bottom before the 
anchor conld be h t go; for to drop a heavy anchor and chain in ten fa- horns, or 
sixty feet of water and allow it to oring up on the windlass, would endanger the 
safety of cable, windlass or bows of the ship ; conseoucntly, sufficient length to 
reach bottom had to be ranged forward of the winaliss as a preliminary step, 
the turns of the cable around the windlass adding much to the labor. A careless 
word drew my thoughts to the matter, and in 1850 some of the plans in the illus- 
trations were presented to seafaring friends, and by them very coolly received : 
" What! Trust lives and such immense amounts of property to cast iron gears? 
might as well have a glass windlass. How are you agoing to handle the swivels 
and shackles, placed at every fifteen fathoms of cable? " said another. A capi- 
talist offered to assist me, if a certain old sea captain approved of my plans; 
they were submitted to him; he was one of the old school, a regular old salt. 
He examined the plans, a model in fact, worked it, hove in and let go anchor 
for an hour ; then got up, came to me and exclaimed : " Well, I have seen a good 
many d^— d fools, out you seem to be the biggest one of the lot. What I do you 
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want to oommit murder by the wholesale, with your d^— d cast iron jimcrack? 
Why, let a ship anchor in a ^ale, and ship and crew would go to h-11 together." 
My capitalist declined to go into the business. Finally, one was found willing to 
help; the a the objection was raised that the links of cables varied in len^h 
so much that it wuuld be impossible to handle them in the way proposed. Mv 
plans were modified, and a device designed and patented for obviat ng the dim- 
culty ; then an owner was fonnd willing to furnish his ship with chains of a bet- 
ter make — the links being sufficiently equal in length to work on the ffruba or 
chaia wheels illustrated. This, of course, rendered all of the trouble and 
expense of the special plan patented useless. A windlass, costing some ei^ht 
hundred dollars was constructed, but before being finished the ship owner had 
been frightened so that he did not dare risk its use ; it was offered as a gift to 
Donald McKay, Paul Curtis and other leadin? ship builders of Boston, New 
York and other places. One day while listlessly wandeiing around, hoping 
against hope, I met a Captain R. B. Forbes, a man who through various causes 
had been mattered until he had got a high idea of the value of his own opinion. 
Timidly approaching him I asked if he would be so kind when passing by as to 
take a look at my windlass, and give an opinion of its merits. *' Whai ! " he 
said, *' that bio^ coffee mill? I have seen it and can ^ivc my opinion now ; which 
i9, that it is wofth neaiiv a cent per pound for old iron, less cost of breaking it 
up and carting it to the roundrv.'* Alter months of waiting a place was found 
for it on a large ship being built at Kennebunk Port, Me. ( W m. Lord, Jr.) When 
the ship was ready to sail the captain insisted that I should go with the ship to 
St. John, N. B , and work the windlass. The tide there is strong and the ship 
had to be moored in fifteen fathoms of water ; we arrived an hour before dayhght ; 
the morning dark and fo^gy; the port captain came on board and took charge. 
Borne one said : " Captam, we huve a patent windlass and expect to moore 
quick.'* *' The windlass ain't worth a daum," was the repljr— he supposing it 
to be an Kngli-h capstan that some one had put upon a few t-hips. A steam tug 
took us to our berth, and the order was given to let go starboard anchor. In less 
thaa three minutes we were riding with forty •five fathoms of chain out; the 
tug towed hard^ to port; the starboard chain was eased away to eighty fathoms ; 
the port anchor was let go, and in twenty minutes we were safely moored and 
the tug called alongside for the captain of the port, who, before leaving, held 
his lantern to my ]ace, grunting ont, " d— ned yankee. saved me half a day's 
time.'* The captain of the ship conirratulated me as being sure of having made 
mjr fortune by the invention, but prejudice is not so easily overcome. To ask a 
builder or owner of a ship to use one of my windlasses, was certain to bring 
some sneer as to whether I proposed to send an enijineer or machinist with it. 
Pilots and insurance agents were strongly opposed to it ; after much urering one 
was placed upon the insurance agent's steamer as a gift, the old windlass to be 
replaced if mine was not liked. Impecunious ship builders, who found it hard 
to get the old windlass upon credit, favored mine, and were ready to pay for it in 
large promises , and it was really through such that it gained a place. In time, 
the better builders would listen, but were still shy; an engineer was necessary, 
was the cry; besides, if they lost their cables it was generaJly impossible to 
replace them with others of the same length of link. This continued until the 
convenience of the windlass had become so apparent that commanders of ships 
began to importune for them. In the mean time, one had been placed upon the 
Pomona, ship of a thousand tons, belonging to the "Dramatic Line," from New 
York to Liverpool. As those ships brought larcre numbers of immigrants, I had 
watched her proceedinsrs closely because of what had been said about tm«-ting 
lives and property to the strength of cast iron ^ears. Suddenly a rumor came 
that the Pomona had been lost, and that four hundred passensr rs had gone down 
in her; lit*:le was known, only that f>he had been wrecked on the coast of Ireland. 
It was two or three weeks before particulars were received, and in that time it 
seems as though I never slept. Four hundred lives were more of a responsibiU 
itv than I felt capable of carrying in peace ; but the time named brought relief. 
The ship struck before there was thought of danger. It may as W( 11 oe stat< d 
here, that while I had control of the manufacture of the windlass, no loss ever 
occurred through its use ; on the contrary, ships were often saved through the 
immense strain that could be bronght to benr on the cables when heaving them 
off shore. In only a single instance was a tooth from a gear broken, and (hat 
was when two boat crews from a man-of-war was added to the ship's crew for 
the purpose of heaving up the anchor, while it was a-foul of the man*of-wai 's 
anchor; both were hove up together. The meats of tne windlass had become so 
well established previous to 18(X), that I had furnished that and other devices to 
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fhe Russian and Esrrptiaii gorernmonts ; had had orders from China, Spain, 
Italy, England, Scotland, and throu;;hoat this country wherever ships were 
built. The following certificates will show the change of opinion. 

MASSACHUSBTTS CBABITABUt ■KCHAKIO AStOCLATlON, 1858. 

Emenon's Patent WlndlaM, woiked hy slow or faat power hj a Capstan on the forecastle, 'lliis 
machine can perform with four men, the work usoallj requiring a dozen, and is a valuable element 
iu the safety of lite and property, more especially in these days of '* ordinary seamen." To this 
valuable machine the Committee award a GeM Medal. 

R. B. FORBES, "^ 

JOHN 8. SLEEPER, 
BENJAMI.V L. ALLEN, 
JOHN H. OLIDDON, 
ELIAS K. DAVIDSON, J 






BOSTOK, April 10, 1860. 

This will certify that after a eareftil inspection of Emerson's Patent Windlass, together with 
some acquaintance with its working on the steamer R. B. Forbes, we are satisfied that it is superior 
to any modem Patent Windlass that we liave seen. It has great power and- can apparently be used 
%vith ease and safety. 

CHARLES PEARSON, > 

EBENBZEK DAVIS, iMtnine Irupeeton. 

RICHARD BAKER, > 



BOSTON PILOTS. 

The undersigned, haTing known the Emerson Patent Windlass for sereral years, belicTe it to be 
superior to any Windlass in lue. Its great power or speed renders it peculiarly applicable fur gel- 
ting under way in heary weather, or where there is but little room, and the improved lever and 
•crew nippers render it perfect for bringing a ship to. 

JACOB K LUNT, SAMUEL C. MARTIN, JOHN T. GARDNER, 

H. A. TEWKSBURT, WM. F. TBWKSBURY, JONATHAN BRUCE, Jr. 

STEPHEN BURKOWS, WM. CRISPIN, P. U. CHANDLER, 

ALFRED NA8U. W. O. BAILET, ▲. F. HATDBN, ROBERT KELLY. 



BosTOK, March 28, 1860. 

Mb. EMKBaov : — Recently at the Cape of Good Hope, I bad many chances to test the power of 
your patent Windlass. As I had both anchors down it was often neoessaiy to heave up to clear the 
chains, and I have no hesitation in saying, that for power or speed, or for general convenience, your 
Windlass Is tu superior to any other that I liave ever seen. JAMES HALL, 

Matter of Bark Wm . Q. Andenon. 



Ms. BmBSOlT:— I readily Join Captain Hall in speaking of the satfsfkctory working of your 
patent Wmdlass on board the Wm. O. Anderson, I can say also, that the Windlass -put by you on 
the bark Ethan Allen, bus been very severely tested (the l>ark having parted her largest chain} and 
has given entire satisfaction. I recommend them to ship owners with great confidence. 

BosTojr, March 28, 1860. EDWAiiD BOVNTON, Owner. 



BUFFAI/>, December 10th, 1867. 
Captaiw James Atvrbll. Di as Sib :— I have used the Emerson Windlass purchased of you 
fur the barque Anide Vought of Buffalo (one thousand tons), and have always found it work to my 
eatire saiislkction. For strength, compactness and convenience, it cannot be excelled. Its motions 
are simple and positive, hence there is no lost motion ; it does away entirely with the old tedious 
way of ranging chain before letting go anchor. With the Emerson Windlass the chains are always 
ready for letting go, and as a matter of great importance, can never get foul on the windlass, which 
ii frequently the case with the old style windlass. Its power is unlimited. We had occasion to use 
our best bower anchor (8500 pounds), with 65 fathoms chain ( 1 3-4 bar link). It required only one 
man to let go anchor and veer awav chain, whereas, with the old style windlass it would require the 
whole crew. And in heaving up. It required only 35 minutes till the anchor broke ground, then half 
our crew (five men) were sufflcient to work the windlass, leaving the others ftee to work tho yards, 
make sail, or be wherever required. It is superior to any vrindlass I have ever seen in use, and 
would unhesitatingly recommend its general adoption for large class vessels especially. 

Respectfiilly, JAMES 6. ORR, Master Barque Anide Tought. 



Commodore Stringham and Gregory were ver^ fiiendly and aided me in many 
ways as did several of the naval constructors ; with others, John Lenthal, chief of 
the bureau of construction at the navy department; but the prejudice wa^ too 
strong to allow of the use of my windlass on naval vessels. " If we should lose a 
•chain in some out of the way port, we could not replace it, perhaps, with anything 
near what would be required." So I went to work and trot up a plan that would 
take any sized chain, spending much time and money in doing it ; then carried it to 
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the naral eonstrnctor who had been the strongest in that objection. " By George 1 
that is simple, I didn't think it could be done ; but, after all, the oLher plan is 
best; a chain is not often lost," was his comment. Such was the frivolous treat- 
ment experienced for years. Owini; to the war, many merchant ▼csseis haying 
my windlass in use were turned into naral or war vessels. Xhe following cer- 
tificate wiii show how the windlass answered its purpose : 

U. 8. STJBAMU SOOTH Cabouha, Oww Oalvxstov, lag. 20, 1861. 

SiB: — ^In Acoordanee with inatnictionB from Flagg Officer Mervine, which direct me to inform tlM 
Department m to the merits of the *' Bmereon Windlam," now in om on board thia ▼eewl, 1 liave 
the honor to report that tt iiae been oaed by us constantly for the past three months, and that our 
opportunities for Jadflrlng of its utilitj have been amply safflcient. We find itcertain and quiclt In lu 
operations, not only in heaving in, but also in veering; it Is strong and compact, taking up less 
room than any thing of the kind I ever saw. In &ct, it reduces the tedious, old &shioned, and I may 
say, often dangerous way of handling our heavy anchors and chain cables, to the sim|>le process [in 
heaving up] of walking around vrith the capstan, the chain taking care of itself as it comes In; 
while in veering, a small ''plug" is removed, leaving the whole control of the heaviest chain in the 
liandsof one man, who by the aid of a " lever" on a Mction band, manages It with perfect casa. 
Besides, it is always ready. I have been lying with fifteen fhthoms of chain oat, on several occasions, 
and have, without giving previous notice to any one, been under weigh and steaming along at the 
rateof four knots. In Ave minutes after the order was given to man the capstan. It will be saen, 
therefore, that the fkellity thus afforded for getting underweigh la a positive saving of fuel In a 
blockading steamer, for otherwise, she might deem necessary, for entire efficiency, to keep nnder- 
welgh almost all the time. Kespectfblly, I am sir, your ob't serv't. 

JaMES ALDKN, Command g U. 8. Steamer South Carolina. 
Hon. OlDBOV Wbllbs, Secretary U. 8. Navy, Washington, D. C. 



In 1858 there was no chain makine in this country, onr cables all being im- 
ported. The foUowiug circular will explain itself. The lengths named were 
readily adopted, and I presume still continue to be the standard lengths. 

To Chain Manufacturbrs of Gbbat Britain. GentUmen .-—Being 
ensraged in the manufacture of Windlasses which huld the chains by the links 
instead of by a turn around the windlass, I ofteu find a ^.eat difference in the 
length of liuks of the different manufacturers* chains. This seriously affects the 
woridng of the tv^indlass, and is sometimes very inconvenient in replacing a lost 
chain. As this kind of windlass and capstan is fast taking the place of the 
wooden windlass, it would be much better to have some regular leufsth of link 
for each size chain. I herewith give a graduated scale of lengths for difft rent 
ffizes, whicb is very near the name as the scale of the Messrs. H. Wood & Co. of 
Liverpool ; it, however, is a little more even than theirs. The shackle is another 
c iU'«e of difficulty. These should be made so that the inside of them, that is 
from the inside of the bolt to the inside of the other end, should be the f>ame 
length a9 the inside of a link, and then the shackle link in the end of the chain 
which the bolt of the shackle soes through, should be long eoouffh to make up 
for the butt of the shackle. There shoula be a long link at one end only, of each 
piece of chain, which should be for the bolt end of the shackle. There should 
also be a good swivel next the anchor shackle in all cases. 

Jahxb Exbbson. 



Inches. Stud Link. Length. 



1 






a • 


5;.8 


1 116 








. 6 1.4 


1 1-8 






• • 


6 1.2 


1 8.16 








. 63.4 


1 1.4 






• • 


7 1.8 


1, 6.16 








. 7 3-8 


1 8.8 






a • 


7 3.4 


1 7-16 








a 8 1.8 


1 1.2 






• . 


8 1-2 


1 9.16 








, 8 7.8 


1 5.8 






a . 


9 1.4 


1 11.16 








. 9 5-8 


1 8.4 






• t 


10 


1 1316 








. 10 1-4 


1 7-8 






• a 


10 1.2 


1 15.16 








. 10 3-4 


2 






a • 


11 1-8 


2 1.8 








. 11 3.4 


Boston, Angost, 


1858. 




14 









Inches Short Link. Length 



1-2 




2 3.8 


9-16 




. 2 3.4 


5-8 




3 


11-16 




. 3 1.4 


3.4 




. . . 3 1.2 


13-16 




. 3 7.8 


7-8 




4 1-8 


15.16 




. 4 3-8 


1 




4 5.8 


1 1.16 




. 5 


1 1-8 




ft 3.8 


1 3-8 




. 5 8.4 


1 1-4 




6 1-8 



Our views correspond with the above . 
Feabing, Thachbr & Co., 
Whiton, Bbownb & Whbelwbioht, 

BAXTBB & BUXNBB, 
J. NiCKBBSON & Co., 

J. Bakbb & Co., 

Imp'ters of Chain Cables, Anchors^Ac 
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Thx Amkbicajt Ship Windlass Coxpant. 

The following article copied from the Boston Commercial Bulletin of Au^st 
24, 1878, will show whAt has become of my windlass: '* The American Ship 
Windlass Company, of Providence, fi. I., seemii to be a good illustration of the 
results which are achiered at the present day by divisioa of labor, and by the 
devotion of all the skill and capital of an entire establishment, as far as practica- 
ble, to a sinele branch of manufacture. The productions of this company, com> 
S rising windlasses for every size and class of vessels, have attained a marked 
egree of excellence, and at our Centennial Exposition they received the only 
award given for windlasses and capstans. 

The American Ship Windlass Company was established in 1857 and incorpor- 
ated in 1860, and up to the present time, they have made nearly 9000 windlasses. 
John Auach & Son, of Chester, Pa., use their windlasses exclusively, putting 
them into all their vessels. Nearly all of the United States revenue cutters are 
now provided with them. 

The company are now building windlasses for vessels which are being 
constructed at all of the ditferent points along the coast of Maine, and for 
the steamers '*Miantono:oo," and "Puritan," which John Koach & Son have 
now in process of construction at their yard, and Wm. Cramp & Sons, of Pliila- 
delphia, are putting in the American Company's windlasses upon the steamers 
which they have built for the Russian Grovernment. 

The windlasses of the American Companj* are made to be operated either by 
hand, messenger chains or steam, and six different kinds of windlasses are man- 
ufactured for either of these motors. The windlasses are also made in eleven dif- 
ferent sizes, for cables varying from yi inch to 2^ inches in size; and the 
company are consequently able to provide windlasses for the smallest yachts as 
well as for the largest ships. Their works are model ones and are supplied with 
all of the latest and most improved machinery and other applhwces, including 
many tools specially designed and constructed for the company. They are loca- 
ted on Bast Siver Street, near the Bed Bridge, and are under the active 
management of Frank S. Manton, agent, and George Metcalf, treasurer ; and 
one evidence of the executive ability of the managers is the perfect system which 
pervades the establishment throughout. 

Antaookistic Selv-Sttled Htsbattlic Enoinbbbs. 

The question has often been asked me, why I have seemingly worked in antag' 
onism to persons claiming to be hydraulic engineers ? It is one easily answered. 
The fault has not been mine, for I was anxious at the start to work in harmony 
with all who could help bring order out of the confusion prevailing in turbine 
matters ten years since. For years previously, I had been m daily contact vrith 
men of broad views — ^men almost as familiar with Asia, Africa and Europe as 
with our own country. I had been trusted by such men to provide devices upon 
which many lives and vast amounts of property often depended. My name had 
become so well known that for years it had been considered desirable to have it 
placed at the head of a business firm in London, though I. had never seen my 
partner. Accidentally I became interested in matters pertaining to hvdraulics ; 
on looking around confusion seemed to reign ; of a hundred turbine builders each 
claimed to have the one that gave double the useful effect of any other, though 
each claimed to utilize nearly a hundred per cent, of the power of the water used. 
Men were named to me as wonderful hyaraulic engineers ; a short Interview was 
sufficient to prove that their reputation, like Mr. Turvydrop's, rested upon their 
"deportment.^ Their real knowledge of hydraulics consisted of a few obsolete 
ideas and a belief that the Fourneyron wheel, which they believed to be the 
invention of a Mr. Boyden, was so perfect that no other turbine could ever 
approach it in useful effect. With the exception of H. F. Mills of Lawrence, 
Mass., I could find no person claiming to be an engineer who knew anything 
practically of turbines. As before stated, I felt willing to co-operate with any one 
who could help., but certainly did not feel called upon to place myself in a subor- 
dinate position to such pretenders ; and the results accomplished must decide 
whether my course has been for the best. Since commencmg, I have furnished 
manufacturers and the world with an instrument for weighing the power 
required to drive machinery, so simple that any one can use it, and so correct in 
principle that its accuracy will never be disputed by any one entitled to be con- 
sidered a mechanic. I have also furnished a brake and general arrangements for 
turbine testing, that have reduced the cost of such tests from thousands to tens, 
^d in doing this have made the selection of a good turbine a matter of as much 
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certainty as is that of the purchase of a given amount of coal or fiproceries, If the 
same care tfi osrd in the selection, that is, have it weighed or tested before accep* 
tance. To accomplish this has required unceasing labor. For ten years I have 
not had a holiday, visited a relative, spent a sooal evening at a neighbors or 
taken a meal ol victuals out of my house or hotel, and have less means to-day 
than ten years since. In return, 1 have constantly been misrepresented, not only 
by turbine builders who have failed to gain favorable reports, but by thought* 
less manufacturers who have repeated rumors without taking pains to ascertain 
their truth, yet for all this, I would readily do the same work again* If I have not 
done all that was possible, it has not been through any lack of desire on my part 
so to do. Afl to the kind of engineers alluded to it would be useless to bother; 
if professional and national pride were insufficient to prevent the disgraceftil exhi- 
bition of engineering ignorance displayed in the attempt to test turbines at the 
Centennial Exposition, they are not llKely to improve. But to those just starting 
in the business, I would earnestly urge the importance of a pracUccU acouain- 
tance with matters pertaining to hydraulics, if -tliey would reaUy be useltil. A 
%tudy of theories will never give a man confidence ^i trying emergencies. 



Horse Power and other Matters. 



When Watt began to introduce his steam-engines, he wished to be able to 
state their power as compared with that of horses, which were then generally 
employed for driving mills. He accordingly made a series of experiments, 
which led him to the conclusion that the average power of a horse was sufficient 
to raise about 33,000 lbs. one foot in vertical height per minute, and this has been 
adopted in England and this countir as the general measure of power. 

A waterfall has one-horse power for every 33,000 lbs. of water flowing in the 
stream per minute, for each foot of fall. To compute the power of stream, there- 
fore, multiply the area of its cross section in feet by the velocity in feet per min- 
ute, and W(i have the number of cubic feet flowing along the stream per minute. 
Multiply this by 62|, the number of pounds in a cubic foot of water, and this bv 
the vertical fall in feet, and we have the foot-pounds per minute of the fall ; divid- 
ing by 33,000, gives us the horse-power. 

For example : a stream flows tlurough a flume 10 feet wide, and the depth of the 
water is 4 feet; the area of the cross secUon will be 40 feet. The velocity is 150 
feet per minute— 40xl50=tKX)0=the cubic feet of water flowing per minute. The 
fall is 10 feet; 10x375,000=3,750,000=the foot-pounds of the waterfalL Divide 
3,750,000 by 33,000, and we have 113.63 h. p., as the i>ower of the fall. 

The power of a steam-engine is calculated by multiplying together the area of 
the piston in inchei, the mean pressure in pounds per square inch, the length of 
the stroke in feet, and rhe numoer of strokes per minute, and dividing by 33,000. 

Water- wheels yield from 60 to 91 percent, of the water. The actual power of 
a steam-engine is less thiin the indicated power, owing to a loss from friction; the 
amount of this loss varies with the arrangement of the engine and the perfection 
of the w-trkmanship. 

To compute the number of teeth in a pinion to have any ^ven velocity. Multi- 
ply the velocity or number of revolutions of the driver by its number of teeth or 
its diamet«^r, and divide the product by the desired number of revolutions of the 
pinion or driven. 

To compute the diameter of a pinion, when the diameter of driver and the 
number of teeth in driver and pinion are if iven. Multiply the diameter of driver 
by the number of teeth in the pinion, and divide the product by the number of 
teeth in the driver, and the quotient will be the diameter of pinion. 

To compute the number of revolutions of a pinion or driven, when the number 
of revolutions of driver and the diameter or the number of teeth of driver and 
driven are given. Multiply the number of revolutions of driver by its number of 
teeth or its diameter, and divide the product by the number of teeth or the 
diameter of the driven. 

To ascertain the number of revolutions of a driver, when the revolutions of 
driven and teeth or diameter nf driver and driven are given. Multiply the num- 
ber of teeth ortbe diameter of driven by its revolutions, and divide the product 
by the number of teeth or the diameter of the diiver. 
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Stow Flexible Shaft Co. 
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stow Flexible Shaft Co., BOO N. IBth St., Philadelphia, Penn. 





There are few persons employed in getting up mechanical doTices who hare 
not felt the need of some means for bringing the motive power to their work, 
instead of being compelled to move the work to the power as is generally done. 
Certainly, such has been the case with myself, and it is because of such experi- 
ence that my readers are here presented with perspective and sectional views of 
the Stow Flexible Shnft. I have tested the power required to drive machinery- 
operated by these shafts, and found the motion as steady as though driven by or- 
dinary shfating. This tool is used to perform, by power t a large class of operations 
so situated that they can, without it, only be done by hand. Thus the cut shows 
it as used for drilling holes in a piece too heavy to be placed under the stationary 
drill press, rotary motion being transmitted from the pulley at one end to the 
work at the other, notwithstanding the curve in which the shaft is bent. Hence, 
with the pulley end Jlxed» the working tool may be placed anywhere within 
reach of the shaft. 

The shaft consists, essentially, of a revolving core^ B» composed of a* series of 
coils of steel wire wound in opposite directions, and a stationary case, 
A) made of a hollow coil of steel wire, covered with leather. The shaft is made 
in nine sizes with appropriate drills capable o^ drilhng holes in metal from 
one fiftieth of an inch to two inches in diameter. Special tools are also made for 
wood boxing, stone working and polishing, emery grinding, etc. Other uses 
will suggest themselves to the millwright and manufacturer. 
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Notes on Water Flow, &g. 



NOTK FiBST. 



Water, like all otner bodies when in motion, dislikes to change the direction of 
that motion and this resistance to change increases with the square of its yelodtj. 
For instance, to turn a quarter circle m a pipe which is bent on a circle of ten 
times its own diameter, requires additional force or '* heaid" ; when the water 
muyes but one foot per second : this additional head is but the one-thousandth of 
a foot, but at a velocity often feet per second the resistance is one-tenth of a foot 
head (100 times as much), this is an easier bend than is generally found in mUl 
work ; when the circle is 2^ times the diameter of the pipe this resistance is double ; 
and here begins the heavier resistance, for from this to turning a square comer 
it has increased to 16 times that first noted ; and as wiU be easily seen, in the case 
of short turns with high velocity, Aestroys much of its power. 

One of the commonest and easiest turns which we see given to water is in the 
scroll of an ordinary wooden wheel. Supposing this scroll to be 72 inches in diam- 
eter with a 12-inch spout leading to it ; that is, the diameter of the scroll is 6 times 
that of the spout and the velocity of water 25 feet per second (=10 feet head). To 
maintain this velocity requires an additional head of 2^ feet, but as this loss is 
hidden by the reduced velocity of the water caused by its impact on the backets, 
and also rapidly grows less with its reduced velocity as shown in the first part of 
the note, it is very generally ignored and sometimes denied altogether. 

NOTB Sboond. 

As a corollary of note 1st we see that as an abrupt change of direction requires 
power to overcome, the less we have of it in the chutes which admit water to the 
wheel, the better, as any force expended here is so much taken from the amount 
which can reach the wheel; while changing the direction of the water by the 
form of the wheel itself* is applying this force where it does its work. 

Note Thibd. 

Loss of head from insufficient conduit. Water wheel builders lay great stress on 
this and generally give rather exairgerated views. The error is on the safe side, 
and when practicable it is well to follow their suggestions. It sometimes becomes 
necessary, however, to use trunks for supplying wheels which from original con- 
struction or want of room have less size than would be desired. It therefore 
becomes necessary to know what this loss is. Here comes the mooted question, 
whether this loss is that due to the head necessary to prodace the required veloc- 
ity or only that necessary to maintain this velocity in tne conduit. Without enter- 
ing into the arguments on the subject, some of which are rather more curious 
than useful, it is suffident to say that but little if my loss is found to exitt, except 
that due to the frictioual resistance of the conduit, and this is measurable. 

The following Uble, abridged from ** Beardman's Manual of Hydrology," 
covers most of the cases required in ordinary practice. 

Table of slope or fall in feet, and cubic feet discharged by pipe running tall. 



Slope 
1 foot in 528. 



Slope 
1 foot in 264. 



Slope 
1 font in 150. 
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155 


226 


399 


261 
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319 


2.259 
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3.321 


369 


4.637 


391 


6.223 


412 


8.100 
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243 
300 
345 
386 
423 
457 
488 
518 
546 






192 
528 
1.085 
1.895 
2.989 
4.395 
6.137 
8.237 
10.720 
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392 
452 
522 
584 
638 
690 
738 
782 
824 






810 

798 

1.640 

2.864 

4.518 

6.642 

9.274 

12.446 

16.200 



From this table the mill owner can find what he can do with different sized 
conduits; makino: thesn square instead of roind would be an ample allowance in 
size for roughness or irregularity of coustruction. 

G. W. PSABBOMS, C. E. 
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Wetmore Turbine '. 75 

Weir One Foot in Length, Discharge 146 

Weirs of Various Len^s from 2 to 20 Feet, Discharge 109 



For the tables " Heads in feet due Velocities, Spurting Velocity due Heads 

for each .001 Feet and one Foot Weir," I am indebted to the courtesy of James B. 

Francis of Lowell, Mass. For these and many other acts of kindness my sincere 

thanks are here returned. 

James Ekerson. 

Interest. 



To calculate interest at 6, 7, 8, 9, and 10 per cent, per annum. 
Rdlk— When the rate is 6 per cent., multiply principal by number of days, and 
divide by 6083— quotient will be answer in dollars and cents ready pointed 
off. Example : What is the interest on $125.25 for 1 year, 5 months 9 days 
at 6 per cent. No. of dHys=527 X 125.25-S-6083=$10.85 answer. 

Rule— When rate is 7 per cent, multiply principal by number of days, and 
divide by 5214. 

Rule— When rate is 8 per cent, multiply principal by number of days, and 
divide by 4563. 

Rule- When rate is 9 per cent, multiply as above, and divide by 4055. 

Rule — When rate is 10 per cent, multiply as above, and divide by 3650. 

To find divisor for any given rate of interest— multiply 365 by 100, and divide 
the product by the given rate of interest. 



TH[ GURK W. BRYAN COMPANY, 

SPRINGFIELD, MASS. 

Electrotypers, Printers 



AND 



BOOKBINDERS. 



-*' ^^^-*~ 



We make a specialty of printing and binding 

CATALOGUES. PRICE LISTS, 



AND 



Blanks of Every Description^ 



FOR 



MANUFACTURERS AND MILLS. 

Parties wanting anything in the line of Printing, will con- 

suit their own interests, by consulting us, 

before placing their orders. 



TAPLEY'S liBOVEO LEHER FILL 



use wikB or gum. It does not get out of order. It will hold a large 
number of letters, or bills, and is the most compact and aseful File 

Huttti rifn Conn. Ftnuuatl]' tiui t LmUm SiicIe, Olitli Silt), BiatnU* Indn 

Il1«i aildii. iBtUti. 

No. I, JXI9. Price per Doien, (lo.oo. No. 4, 7««9, Price per Doien, *i9.SO. 



